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PREFACE 


This series of reports results from a program initiated in 1974 I 
e Atomic Energy Commission (AEC) for determination of the condition 
tes formerly utilized by the Manhattan Engineering District (MED) at 
iG AEC for work involving the handling of radioactive materials. Sir 
le early 1940's, the control of over 100 sites that were no longer n 
ir nuclear programs has been returned to private industry or the pub' 
restricted use. A search of MED and AEC records indicated that for 
these sites, documentation was insufficient to determine whether or 
le decontamination work done at the time nuclear activities ceased 1? 
equate by current guidelines. 

This report contains the results of a survey of the current radic 
ndition of the former Harirons, Inc. Metal Handling Facility, Clevel 
1o. Results of this radiological survey show that residual radioaci 
intamination exists at this site and occupants of this site are recei 
lall radiation exposures in excess of Federal guidelines for exposure 
e general public. 
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ABSi'RACi’ 

results of a radiological survey of the former Horizons, Inc., 

ndl ing facility in Cleveland, Ohio, arc presented in this report. 

he I940's and early I950’s, two of the three buildings on this site 

gs R and (!) were used for the production of granular thorium 

The survey included measurements related to the following: 

d transferable alpha and beta-gaiiuna contamination levels on the 

in Buildings B and C and on the roofs of those buildings; 

gamma radiatioi} levels at J m above the floors and grounds on 

tlie ))roj)erLy; radionuclide concentrations in soil, water, and 

tcrials collected from surfaces and drains inside Buildings B and 

beneath the floor in Building C, and from outdoor locations on and 
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sit-c; and tlioron ( Rn) daughter concentrations in the air in 
s B and C. Idcvated concentrations of Ih, Ra, Hi, and 
re Found in some samples. Alpha and bcta-gamina contamination 
xceeded apjilicablc guideline limits in some areas of Buildings B 
External gamma radiation levels, approximately 10 times the 
background level, wore measured at isolated jioint.s in and near 

.scarcli .sponsored by the Division of Environmental Control 
gy, U.S. Department of Energy under contract IV-7405-eng-26 
Union Carbide Corporation. 
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Building B. Thorium B ( “Pb) concentrations in air in Building B wi 
near the Radioactivity Concentration fiuidc (RCG) level. Most of* tlic 
elevated radiation levels wore found indoors in areas presently used 
for storage. Outdoors on and near the site, significant radiation 
levels were found only near the east wall of Building B. 

INTROUUCTION 

At the request of the Department of Knergy (DOf.^ , [then the I-.nei 
Research and Development Administration (F.RDA)l, a radiological surve 
was conducted at the site of Horizons' former metal liandling facilit) 
located at 290.S East 79th Street in Cleveland, Ohio. Clccon Metals, 
Inc., the present occupant, employs approximately 60 workers (mostly 
Building C) for the production of gaskets and for tlie lamination of \ 
materials. A plan view of the site and adjacent property is shown ir 
Pig. 1, and photographs of the site arc provided in Appendix I. The 
site is in an industrial area which is sparsely populated. There arc 
few dwellings, however, on adjacent property. On the lot labelled 
"residential" in Fig. 1, there is a combination gi’ocery store and 
residence which fronts on East 81st Street; the only other structure 
this lot is a garage. The block across East 81st Street from the sit 
is sparsely populated, but there arc several houses which have been 
abandoned or demolished. Across Ea.st 79th Street from the site, thcr 
are two dwellings just south of the parking lot shown in Fig. 1, and 
there is one dwelling just north of this parking lot. 

During the 1940's and early 19S0's, two buildings at the Morizc 
metal handling facility were used for the production of granular thor 
metal from an initial feed of thorium nitrate tetrahydrate. T\\e feed 
material was brought into the wet plant knoivn as Building C, (see Vig 


nitrate was converted to ammonium thorium chloride (ATC) , blended with 
N'aCl , and then transferred as a calcined salt to the dry plant (Buildi 
B, Pig. 1) whore thorium metal was produced by an electrolytic process 
i'he metal was chipped from the cathode, crushed, washed, dried, and 
j)ackaged in Building B for shipment from the plant. Building B is 
presently used for storage of nonradioactive materials, and Building C 
is used for storage and receiving of nonradioactive materials and also 
contains several offices. 

An air liygiene survey performed in December 1954 by the Health an 
Safety Laboratory (HASL) ^ revealed elevated concentrations of airborne 
thorium in botli Buildings B and C. In Building (1, higliest concentrati 
of airborne thorium occurred during the chipping, weighing, sampling, 
and crusliing of ATC and during the transfer of NaCl and ATC from mixin 
drums to polyethylene bags and drums. In Building B, highest airborne 
thorium concentrations were measured during metal recovery operations 
involving rcmov'al of material from a heating element, chipping and 
crusliing salt recovered from tlie furnace, brusliing the Th catliodes, 
cliLpping off the Th metal from the cathode, and handpacking chipped Th 
metal into jars. The maximum allowable air concentration of thorium 
alpha at the date of the llASL survey^ was 100 dpm/m'\ Airborne conceii 
trations for some of the above-noted operations ranged from a factor c 
1 8 to a factor of 377 greater than the maximum allowable concentratior 
These results indicated a potential for contamination of overhead and 
upper wall surfaces due to airborne thorium, and contamination of floe 
and lower walls was possible from the routine handling of thorium. 

It appears that much of the possibly contaminated material has been 
removed or covered due to substantial construction modifications since 
the thorium operations. In particular, Building C has been extended c 



-ve been contaminated in the past fth 

' - new 

•oncrete floor. Also, several sections of walls f 1 o 

::;::: ■ “ ' .:: :: :r 

^ the Health a H c a conducted by five members 

«Nb) during tl 

J nuring the periods February 7 is « , 

y / 18 and March 21-22 . 1977 ti,= 

tvey included: 

■■ “‘' 7 ' 

„ "• . 

loofs of these buildings- 

2. nieasurement of beta aam™ j 

oeta-gamma dose rates a+- i o 

rates at 1 cm from surfaces 

"" “.«» ...... 

3. measurement of external 

^ l-els at 1 m above 

floor surfaces inside Buildings B and r a 

Clecon Metals property; 

n>ost-contaminated areas in Buildings B and r f , 
of 230.. 22S„ 228 determination 

Th. Ba, and ^28.^ concentrations; 

- tng C in areas hno,™ to be contaminated beneath the con- 

7" - -- -™-s from these core holes; and 

oasurement of the gamma radiation level as a function of 
depth in each hole; 
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6. measurement o£ thoron ( Rn) daughter concentrations in 1 
air in Buildings B and C; 

7. investigation of radioactivity in drains, including collcc 
of mud or dirt from drains, measurement of gamma radiatior 
inside drains, and moasureraent of alpha activity directly 
drains ; 

8. collection of water samples from the site and from the cit 
water system for the measurement of radionuclide concentrf 
and 

9. collection of soil samples outdoors on the site for the me 
surement of radionuclide concentrations. 

"Contamination, " as used in this report, refers to radioactive 
aterials either on or below surfaces, whether fixed or removable. 
Fixed contamination" is defined as radioactive material on or bclov 
urfaces wliich cannot be removed by standard smear techniques. Sur\/ 
eter readings made on surfaces are used to estimate the levels of t 
urfacc contamination wiiile standard smear technicjues are used to 
he levels of transferable contamination. 

SURVEY 'rECHNIQUES 

Measurement of Alpha and Beta Contamination Levels 
and Heta-Ganmia Dose Rates 

Ilircct readings of alpha contamination were taken on tlie floors- 
alls, ceilings, and supports throughout Buildings B and C and on tl 
oofs of these buildings. Points of measurement are described bclov 
easurements were made with alpha scintillation survey meters descri 
n Appendix 1 1 . 


Standard smear techniques were used to measure transferable alpha 
nd beta contamination levels throughout Buildings B and C. Smear 
anples were taken at approximately 700 points in the buildings, with 
amples being taken at (rouglily) uniformly spaced intervals within eacl 
rea . 

Bcta-gaimna close rates were measured in the buildings at appi'oxiiiiat 
he same locutions at vvhich alpha contamination was ineasui'cd. Direct 
eadlngs were taken at approximately 1 cm from the surfaces, with Gcigc 
Liellcr (G-M) survey meters which are described in Aj)pondix II. Percci 
gewise, largest errors for the G-M meter occur near background levels 
t whicl\ the G-M meter typically shov;s readings in the range of O.Ol t< 
.05 r.irad/hr. Headings in this range cannot be accurately reproduced, 
owever, for purposes of averaging and comparing, all readings below I 
rad/l\r are reported to the nearest hundrcdtl^ of a millirad per hour. 

Unless otherwise specified in the survey results, a direct mensur' 

ent of alpha or beta-gamma contamination reported for the floors and 

alls reflects nn average condition over an area of not more than 1 m" 

direct inensuremcnt reported for overhead surfaces (rafters, ceilings 

edges, etc.) generally repi'csents a maximum of several individual 

nstrument readings witl\ individual instrument readings reflecting 

2 

onditions over approximately 100 cm . For many overhead locations (f 
xnmple, on supports or ledges) averaging over a square meter was not 
ractical . All readings reported for exterior surfaces of a building 
cficct individual instrument readings (unless otherwise specified). 

For the direct measurement of alpha contamination levels and beta 
amma dose rates, separate survey schemes were developed for each arer 


rlic number and concentration of survey points W’cre determined in larg 

Mii't by results of a preliminary survey. l*'or example, the prcliminar 

5urvey had indicated that elevated alpha and beta contamination was 

widespread in Building B. In that building, the floor was divided .in 

o 

survey squares of area 1 m** each. In alternate squares (see, e.g., P 
1) five direct alpha measurements were taken (one at each corner and 
It the center), and the average of these measurements was recorded as 
::he average for that square. Beta-gamma dose rates were averaged in 
similar manner. In addition, maximum contamination levels were deter 
nined for each survey square by scanning. 

In Building C, measurements were usually taken at closely spaced 
jnd (roughly) ujilformly distributed points, in addition to locations 
vhich elevated alpha and beta-gamma contamination levels are typical! 
Found (such as corners, ledges, cracks, and entrance areas). 

Measurement of Thoron Daughters in the Buildings 
Air samples were taken in the buildings for the measurement of 
iin daughters. Air was pumped for intervals varying from 1 to 15 Ii 

dt approximately 12 liters/min through a membrane filter with a maxirr 
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:)ore size of 0.4 ym. The amounts of Rn daughters on the filters wc 
sstimated by use of an alpha spectrometry tecliniquc described in 
'\ppendix III. 

Measurement of External Gamma Radiation Levels 
External gamma radiation levels were measured witli Nal scintilU 
survey meters described in Appendix II. Readings were taken at 1 m 
above t))e floor throughout Buildings B and C, typically at intervals 


2 to 4 m. Outdoor readings were taken at 1 m above the surface ;it 

points indicated in Fig. 3. Scintillation survey meter mensuremonts ; 

indicative of the instantaneous exposure rates at the points of measi 
ment. 


Measurement of Nuclide Concentrations 


-til OUJ.J, 


Holes were drilled with a motorized drilling rig to depths vary. 

from 3 to 9 ft inside Building C at the six locations shown in Pig. . 

(See also Fig. i_j.j auger with a 5- in. inside diameter was used 

the drilling. Gamma radiation was measured at various depths in the 

core holes by lowering a scintillation probe inside the auger. This 

"hogging.. Of the core holes was done as a first step i„ determining tl 

Hepth of contamination in the soil beneath the floor. A total of 21 

son samples were collected from these core holes. Surface soil sampl 

llected outdoors on the site at locations shown in Pig. 3 and 

-eral scrapings and dirt samples were tahen from surfaces inside the 

---gs. some Of the samples were tahen at random locations. Howev 
in many cases, samples were 

®l'=vated gamma radiat 

tius was done in an effort tn 

determine highest concentrations of thor 
nd thorium daughters on the site. 

» o.r;. ■" 

^ at no»C and then 

pulverized to a particle <;i 7 « 

nlic t r Next 

‘^h^quots from each sample were transferred to n, <- 

and counted using a GeCLi] detector Th bottles, weighed, 

. ... 

W. „ 2Z2 


:’c* determined for all soi] s<i?nple.s. Scr£i(7ings and sludge saiMples kci 

2s-7 T-^C) 7TQ 77« 

ilyzed for ‘'"Ih, ^ Th, ““ Ra , and “ Th by the OUNL Analytical 

ipiistry Division using radiochemicii 1 techniques. Ft was not antic- 
230 

ited that Th would be pi'escnt in samples collected on this site 

ICC no ores containing uranium and its daughters were i>roccssed. 

v'cver, it is a possibility that 7'afFinatcs tVom pi tchhlcndcs and othc 

.'S served as a source of thorium and tl\at the incoming feed material , 

730 

jrium nitrate tetrahydrate, contained significant c|uantitics of “ 'I'h 
23 '’ 

well as Th. 


Measurement of UadLO«activity in Water 
Water samples were collected from di'ains inside Building C at 
:ations 2 and 3 shown in I’ig. 5. In addition, a sample was taken fro 
: city water system. The samples Vv*c2*e analyzed by tlic ORNi, AnaJytica 
miistry Division ior Th and 'I’b. Radionuclides were separated 
luentialiy and analyzed using radiochemical techniques. 

Measurement of Radioactivity in Drains 
f'or the dctci'mination of radioacti vity in solid matter in drains, 
f'ce types of measurements wore used. First, alpha activity was mease 
:'ectly over the drains with alpha scintillation detectors to determir 
lacive quantities of thoron emanation from the drains. Next, gam)i»a 
intillation probes were lowered into drain openings to measure gamma 
Jiation inside these drains. I’inally, mud, dirt, and samples of seal 
re taken from the drains, returned to ORNh, and analyzed for specific 
Jionuclidc concentrations. Drain locations in Buildings B and C arc 
7wn in Figs. .3 and 6. 


SURVliY RHSULTS 


BnckgroiHui I^idtation Levels and Nuclide Concentrations 
Concentrations of “ ^Th in backgt'ound soil samples taken 10 to 
mi from tlie llori'-uns site were in the range 0.7 to 1.2 pCi/g. This 
typical for must of the IJ.S. lixeept for “ ‘’Th, nuclides in the ‘■‘‘"i 
cluun have half-lives of at most a few years. Beginning with purifl 
all nuclidc.s in tlio thorium chain would attain more than 90"- 
tiicir equi 1 ibi‘ium activities after 30 years. Background concentrati 
of nuclides In tile [j chain are typically less than 2 pCi/g. 

Background e.xtcrnal gamma radiation levels at 1 m above the sui 
in the area around tl\c site were generally in the range 7 to IB uR/h 
Background levels of heta-garania dose rates, as measured with tlie Ci-k 
meters used at this site, arc typically in the range 0.01 to 0.05 
mrad/hr. Background levels for direct alpha measurements of the ty|: 
made at this site are negligible. 

All direct, meter readings reported here represent gross reading 
background radialion levels have not been subtracted. Similarly, be 
ground levels have not been subtracted from radionuclide concentrati 
measured in environmental samples and building materials. I’or the 
reporting of transferable alpha- and beta-contamination levels, avei 
background counts wore determined for the smear counters (at the pig 
of counting), and these background counts were subtracted from gros‘ 


counts. 


Results of Analyses of Surface Materials and Soil SajiipJes 

228 228 ’*^0 

(,'oficcntraf ions of Th, *' Ra , Th, and Th in dirt and othc 

tcrials taken Proin drains, fioors, walls, and ceilini^s of Hnilding.s 

d C are gjvcti in Table 1 for locations shown in Fig. 7. The results 

dic.'ife that significant quantities of all I'oui' nuclides are [>resent 

me surfaces of the site. (It should be noted that surface sain|)les 

re not taken at random points; rather, an effort was made to collect 

inpics from tiie most -contaminated surfaces on the sitc.J ft is also 

23 '> '>28 2'’8 

dicated by these results that Th, Ua, and 'Ih are approximat 
C([ui 1 1 brium on the surfaces investigated. 

Soil samples were taken from six core l\oles drilled tlirougli floor 
ich have been built since the thorium operations. 1'hese holes were 

A 

i 1 1 cd in the old storage room , and in a section of Building C built 

cr an old alley. l.ocations for these six core holes arc shown in 

2 32 

g. 4. Sample analyses indicated that higli concentrations of 'I'h ( 
r)yi pfi/g) arc present in soil bcncatli tlic old storage room (see 
blc 2), and that contamination extends to a deptli of six feet or nio)’ 
me places. 

Concentrations of nuclides measured in samples taken outdoors on 

d near the Clccon property are given in Table 3; location numbers in 

is table refer to points shown in Fig. 3. In a sample taken just 

232 228 

St of Building 13, concentrations of Th and Ua in excess o( 40 

237 ^28 

i/g were measured. Concentrations of ‘Th and “ Ua in all otlior 
tdoor surface samples were near background levels. 

■^At the time of tlic thorium operations at Horizons, this was an 
tdooi’ area used for storage. Since that time, a room (referred to 
this re})ort as the "old storage room") has been built over this art 


Al])lia and Beta Contamination in the Buildings 

Tn guidelines issued by the IJ.S. Nuclear Regulatory Commission 

(NRC) for the release of pi'opcrty for unrestricted use, strictest 1 

^28 

for surfaces contaminated with alpha emitters apply to Th, among 

other nuclides (see Appendix V or ref. 2 ). The average and maximum 
* 

limits for direct readings of alpha contamination on surfaces 

928 2 2 

contaminated witli ~ Th are 100 dpm/100 cm and 300 dpm/JOO cm , 

resj)cct i vely; transferable alpha contamination should not exceed 20 

dpm/100 cm". Strictest limits for transferable beta contamination 

'^'^8 232 

dpm/100 cm") apply to " Ra. Although purified Th compounds wert 

brought onto this site, there has been sufficient time for daughter' 

to attain almost complete eqviilibrium with their parent. (Rad 
228 2'>8 

228, Ac, and Tli, in that order, are tlie first three daughter 
232 

nuclides in the ' Th chain, ilicir half-lives are 6.7 years, 6.13 ! 

and 1.91 years, resj^ect ivel y. Thirty years is sufficient time for > 

232 

of these daughters to attain more then 90% equilibrium with Th.) 

23"’ 

Analyses of materials taken from the surfaces indicate that “^Th, 
228 228 

Ra, and Th arc approximately in equilibrium at sampling point 

(see Table 1). Since NRC limits are at least 10 times more rcstrlc 
228 '^'*8 232 

for Th and Ra than for Th, it appears that the limits for 
228 

and Ra should be applied to thi.s site. 

Results of direct alpha measurements are reported in i’able 4. 
Flevated alpha contamination levels were discovered throughout Room 
2, 3, and 4 of Building B, and in some areas of Rooms 5, 6, 7, and 

"'Measurements may not be averaged over more than one square me 
The maximum contamination level applies to an area of not more than 
100 cm^. 


inUlifig. Direct nJpha measurements averaged over survey squares 
2 

eacli u'cre in the range 100 to SOOO dpm/100 cm“ over approximately 
the floor area in Building B (see Fig. 8). Highest direct alpha 
cmcnts ivere recorded in the northeast corner of Room 1 of Building 
re several individual instrument readings ivere in the range of 
to 200,000 dprn/100 cm“ (see Fig. Oj . Many of the horizontal 
cs (such as l)caisis and ledges) along walls in Rooms 1, 2, 3, and 4 
alpha contamination levels In excess of NRC limits; vertical wall 
L's sljowed little alpha contamination in most areas. Overhead 
:;s in Rooms 1, 2, 3, and 4 showed direct alpha readings in excess 
1 imi ts (see 'Fable 4) . 

Icvatcd alpha contamination levels in Building C were observed in 
lammable storage room" (Fig. 10) and in the "old storage room" 

11). In the flammable (solvent) storage room, direct alpha readings 
:;d more tlian 100 dpm/100 cm^ in some areas, principally on window 
, lower walls, and on the floor near the walls (see Fig. 10 and 
1). TJio maximum observed direct alpha reading in this room was 
dpm/100 cur; this reading was taken at the bottom of tlie east 
In the old storage room, alpha contamination was found only near 

9 

t-.toin of the north wail, where readings as high as 4200 dpm/100 cm“ 

>corded. These )Hg)i readings near the base of walls arc probably 
232 

part to residual lb which was swept or otherwise deposited in 
where floors and walls meet. It appears that a significant 
\ of the high readings is attributable to Rn gas emanating 
ic cracks. In tlie large open area of Building C known as the 


Id process area" {Pig. 1) all direct alpha readings were le.ss than 1 1)() 
m/lOO cm". 

Results of smear samples taken in Buildings B and (! are given in 
ble 5. Levels of transferable alpha and/or beta contamination ex- 
eding NRC^ guidelines were found in some areas of all rooms in Building 
except Rooms S and 10. Highest transferable alpha contamination 
vels (up to .SOO dpiii/iOO cm") were measured on floor, wall, and over- 
ad surfaces of Rooms 1 and 2 and on overhead surfaces of Room in 

ilding C, transferable alpha contamination levels exceeded NRC limits 
ly in the flammable .storage room; levels there did not exceed dO 
rn/lOO cm“. Transferable beta contamination levels generally followed 
e same pattern as transferable alpha contamination levels and were as 
gh as 900 dpm/!00 cin^ on overhead surfaces in Building B. 

Results of direct alpha measurements taken on the roofs of Build- 
gs B and C are given in Table 6 for locations shown in Pig. 3. 
asurements in Table 6 represent individual instrument readings rather 
an average measurements; these readings were taken at randomly selected 
ints. Results of direct alpha measurements suggest that most of the 
of surfaces of the tv'.-o buildings contain alpha contamination in excess 
100 dpm/100 cm". 


Beta-Gamma Dose Rates 

Beta-gamma dose rates were measured throughout Buildings B and G, 
the roofs of these buildings at points R1-R18 shown in Pig. 3, and 
tdoors cit locations 1 through 27 shown in Fig. 3. Results for the 
terior surfaces of the buildings are presented in Table 7. In Room 1 


of Buildini^ B, readings (/tveragecl over 1 m*^) exceeded 0.20 rarad/hi 

some points on the overhead surfaces and on the floor (see Fig. 12 

highest i ricli.vuhia 1 instrument readings (up to 6.8 mrad/hr) v>?cro re 
on the floor in the northeast corner of the room (sec Pig. 13). T 

other ureas of Building B, beta-gainiiia dose rates were loss than 0. 

mrnd/hr. in Building C, beta-gamma dose rates exceeded U.2 iiirad/l' 
in the southeast, corner of the flammable storage room (see 1-ig. M 
liighcst ulnservcd beta-gamma dose rate in the old storage room V'jas 
mrad/hr (see Fig. 18"). 

Outdoors on the site, measurements of beta-gamma dose rates c 
exceed 0.09 mrad/hr (sec Table 8 and J-ig. 3). On the roofs of Bui 
1^ and C;, all beta-gaiiiiiia dose rates were in tlio range 0.02 to 0.04 
(sec Table 6 and I’ig. 3). 

lixternal (tamma Radiation Levels 

1-xtertuil gamma radiation levels wore measured at 1 m above tl 
floor inside tlic buildings on the site and outdoors at I m above l 
gi'ound at locations 1-34 shown in Fig. 3. llighe.st levels of cxtei 
gamma radiation were measured in the northeast corner of Room 1 ii 
Building B, whore readings from 30 to 110 uR/hr were recorded (sec 
16). Readings in most other areas of Building B were in the range 
30 uH/hr (Pig. 16). P.xternal gamma readings were slightly elevate 
the old storage room (Fig. 17) and in tlic flammable storage room 
(Fig. 18) in Building C. Readings in the Large open area and off; 
Building C were generally in tlie range of 10 to 16 uR/hr, and ind< 
readings on the remainder of the site did not exceed 10 uR/hr. 


Outdoor ineusoreiiients of external gamma radiation are listed in 
Table R for locations shown in Fig. 3. Highest readings (up to HO pR/hr 
at ground level and up to 2S yR/hr at 1 m above the surface) were 
recorded in tlic parking area just east of Building 13. In the rcniinnder 
of the outdoor areas on and near the site, readings were generally in 
the range 10 to 18 pR/hr. 

Radioactivity in Drains 

Results of measurements of alpha activity above open drains, gamma 

232 

radiation levels inside these drains, and concentrations of ' ‘’Th and 

Th in samples taken from the drains are presented in Table 9; locatic 

are shown in Figs. 5 and 6. These results indicate that some of the 

23”^ 230 

drains contain significant quantities of “Th and ^ Th. It also 

220 

appears that apjircciable quantities of thoron (‘' Rn) arc emanating fron 

many of the drains. Water found in drains in Building C contained only 
'>32 ■>28 

small traces of Th and “ Th (see Table 10). 

Tlioron Oaughter Concentrations in Air 

212 ’’12 

Concentrations of Thorium B ( Pb) and Thorium C (“ Ri) in air 
were measured at tlie points shovm in Fig. 19. In an air sample taken ii 
Room 2 of Building B (location 9), the concentration of Thorium 13 i^/as 
0.5 pCi/liter, which is 83% of the (non-occupational) maximum permissil) 
concentration in air (RCC^) for that nuclide.' Concentrations of Thorii 

a 

C in all samples were at least an order of magnitude below the RCG Csei 

a ^ 

Table 11). 

To check whether significant airborne concentrations of long-lived 
alpha emitters wore present in Buildings B and C, counts were made 


ing alpha spectrometry techniques) of the air samj^ling filters used 

locations 1, 2, 5, and 9 (fig. 19), after the short-livocl alpha had 

sufficient time to become negligible, 'fhe only potentially signifi 

nts on these filters were near the 5.3 to 5.4 MeV energy range 

228 

apparently resulted from Th collected on tl\e filter. It was 

imated Irom these counts that concentration.s of TIi in air at 

sc sampling locations, at the time of sampling, were in the range 

10 pCi/ml to 4 X 10 iiCi/ml. The guide value for “'^^1'h in 

given in 10 CPU 20, Appendix B and HUDAM 0524, Annex A is 
- 1 5 

10 yCi/iiil (assuming insolubility). 

SUMMARY 

A radiological survey was conducted at the site of the former 
izons Metal Handling facility in Cleveland, Ohio. Records indicate 
t two buildings on this site were used for the jDroduction of granula 
riuin metal from an initial feed of thorium nitrate tctrahydralo. Som 

pies of soil and other materials taken from the site sliowcd elevated 

232 ^28 228 230 

centratlons of Th, °Ra, Th, and Tii. 

-1 7 0 230 

Concentrations of ^ Th (up to 4890 pCi/g), and ' I'h (up to 752 

/g) were found in dirt and other materials taken from drains and 

928 

faces inside Building.s B and C. Radium- 228 am! Tli were api}rox- 

232 

tely in equilibrium with ' Ih in most samjUes taken on the site. 

soil beneath the old storage room in Building Cl was found to be 
laminated to a depth of six feet in some places. This area was ap)ia 
ly used originally for storage of radioactive materials, and a new 
or has been built since tiie thorium operations. Outdoors on the 


site, significant, concentrations of nuclides were measured only in 
samples taken just east of Building B. Mo contamination V'^as found 
of the site. 

In NUC guidelines" for release of property for unrestricted u 

the most restrictive values given for surface contamination apply 
228 228 

lla and 'fh, among other radionuclides. The survey results in 
that tlu'se are two of the principal radioactive contaminants on th 
site. U.S. Nuclear Regulatory Commission guidelines would require 
direct alj'ilia readings for surfaces should not exceed 300 dpni/100 c 

9 2 

any point or 100 d])in/100 cm" averaged over 1 m . Maximum and aver 
beta-gamma dose rates should not exceed 1 mrad/hr and 0.2 mrad/hr, 
respectively. Transferable alpha or beta contamination levels for 

9 

surfaces should not exceed 20 dpm/lOO cm". Some of these criteria 

exceeded in parts of Buildings B and C, particularly in Rooms 1, 2 

and ‘1 of Building B and in the "flammable storage room" and "old s 

room" in Building C. All of these rooms are now used for storage. 

jfiost-contuminated surfaces on the site were in Room 1 of Building 

') 

where direct alpha readings as high as 200,000 dpm/lOO cm" and bet 
gamma dose rates an high as 6.8 mrad/hr were recorded for the floa 

7 

Alplia coat aininat ion levels in excess of 100 dpm/100 cm" were found 
direct measurement on the roofs of Buildings B and C. 

The Iiiglicst external gamma radiation level measured indoors a 
above the floor was 110 uR/hr; this reading v^^as recorded in Room 1 
Building B. Most external gamma measurements indoors were in the 
7 to 15 )jR/hr; gamma radiation levels in this range can be produce 


natural radiation sources, incJiulj.n« building: inafer i a 1 s . Outdoors c 
: sire, the liiglicst external gamma jneasiireinent.s at 1 m above tlu' 
face and at groutul level f2S and 5)0 |jR/))r, respec: L i vclyl wert 

cn in the parking area Just, east of Building )?. lixccjit for tliis 
king area, no significantly high radiation levels or nuclide concei 
tions were measured outdoors on the Clccon grounds, nor in the arcr 
lediatcly outside the site. 

It a))}>cars from measurements made with alpha scintillation doted 
the air just above floor drains that a))j)rcc i al) 1 e ([uantities of tlioi 
^'un) arc emanating from many of the drains. Elevated direct alplut 
dings over cracks where floors and walls ii^tcrscct also suggest tlu 

I 

Rn is emanating into tlic air. A tlioron daughter measurement made i 
111 1 of Building B revealed concentrations in air of Thorium B near 
UCG^ . It apjicars from limited data that the airborne concentratit 

• 73 '> 

long-lived aliilia emitters in the “Th chain in Buildings B and C i 
ow guide values stated in U) EFR 20, .^;Jpendlx B and ERDAM 0B24, Am 

The radioactive contamination and elevated radiation levels on tl 
c were found, for the most part, in storage areas, in drains, and 
er floors, and it aiipcars that workers on tlic site jiresently spend 
t brief periods in the contaminated areas. However, since the use 
: site could change, estimates of dose commitment resulting from 
osurc for extended lengths of time to the maximum moa.surcd external 
ima level and the maximum measured thoron daughter concentrations li 
have ])een made. Assuming an exposure time of 2000 hr/year, the 


iimxiniun measured external gamma radiation level at 1 in (110 mU/) 


Room 1 of [kiilding R) would lead to an Integrated dose cquivaLei 
approximately 0.2 rem/year. It is estimated'^ that a single, one 
2000-hr exposure to the liighest measured airborne i’h-B concentre 
[0.49 pCi/liter in Room I of Building B) would result in a criti 
organ (kidney) dose equivalent of approximately 0.4 rein tlie f.iix': 
and a dose commitment over 50 years of approximately tiie same :u\ 
Similarly, it is estimated that a single, one-year 2t)U0-l\r cxj^oi: 
the higliesL measured airborne Tli-C concentration [0.19 pCi/litci 
2 of Building B) would result in a critical organ [kidney) dose 
of approximately 0.01 rem the first year and a dose commitment c. 
years of approximately the same amount. 

An evaluation luis been made of current radiation exposures 
Horizons, Inc., Metal Handling I’acility, and is presented in Api 
(page 115) of this report. The purpose of tliis evaluation is tc 
i nforination which v^ill permit t)ie readei' to com[)ai*c current radl 
exposures i rom the site to normal background exposures for that 
Ohio, as well as to scientifically based guideline values ostabl 
for the protection of radiation workers and members of the gcnci 
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readings rather tlian averages. 
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I’ig. 16. lixternal gamma radiation (uR/hv) at 1 m 
above floor In Building B. 
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Fig. 17. l-xternai gamma radiation lovois (pR/)ir) at 1 m aho) 
the floor in the old storage room in Building C. 



FLAMMABLE STORAGE ROOM 









Thoron daughter measurements 


i'iililc 1. Concentrations of “^^Ra, “^^Th, and in 

surface dirt and building materials taken I'roin most- 
contaminated .surfaces in liuilding B and C 


mm 


— 

■QjmM 

Type Material and Locat. 
(see Fig. 7 ) 

54 

33 

32 

6.9 

.^sbcstos and dirt from Ci 
overhead beam in solvent 
storage room, Bldg. C. 

79 

86 

69 

15 

Paint and dirt from bott< 
wall (under window) on ej 
side of solvent storage : 
Bldg. C. 

11 .8 

13 

12 

2 

Putty from window, east : 
of solvent storage room 
Bldg. C. 

100 

82 

68 

11 

Concrete from floor near 
middle of north wall in ( 
storage room, Bldg. C. 

10 

13 

12 

2.5 

Dirt from drain 3, Bldg. 

15 

10 

11 


Dirt from drain 5, Bldg. 

2530 

2620 

2640 

505 

Dirt from drain 6, Bldg. 

318 

410 

460 

70.7 

Dirt from drain 8, Bldg. 

69.6 

70 

69 

3 

Dirt from beam and fan di 
in northwest corner of 
Pooiii 1, Bldg. B. 

4890 

5300 

4960 

752 

Dirt from support near 
wall, Room 1, Bldg. B. 

.56 

32 

33 

12 

Asbestos and dirt from o 
head, NF corner. Room 1, 
Bldg. B. 

795 

850 

853 

102 

Dirt and scrapings from ■ 
head, Room 2, Bldg. B. 

7.5 

5.7 

5.6 

1 .74 

Dirt from manhole betwee 
high bays, Bldg. C. 




'J’able 2. 


beneath a J 


f-fole No, 


1 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

4 

5 

5 

6 
6 
6 


Depth 

(in'.) 

(pCi/g) 

(pci/g) 

6-9 

9-21 

21-35 

35-60 

60-72 

72-81 

Sl-89 

111 

591 

58.4 

45.4 

442 

73.3 

98.3 

538 

52.6 

39.8 

415 

65.1 

N.F 

3.9 

S-20 

20-50 

1.4 

0.9 

0.9 

0.9 

1.7 

34-52 

0.9 

52-75 

0.8 

0.8 

6-10 

10-lS 

lS-39 

255. 

48.1 

7.7 

n.d. 

43.3 

6.8 

7-27 

27-38 

9.4 

1.7 

8.6 

1.4 

7-31 

31-43 

2.0 

1.8 

1.4 

2.1 

4-8 

n.d. 

1 o 


8-20 

N.d. 

20-45 

i .2 

1.3 

1.0 

1.0 


the procedure descrthed 
= not determined. 


in 


238(j 

(pCi/g) 

(i 

3.3 


13.1 


2.1 


2.0 


6.2 


2.5 


1.3 


2 . 4 

( 

N.D 

1 

0.9 

G 

N.D. 

1 

N.d. 

N 

1.8 

N 

6.1 

0. 

1.1 

0. 

N.D. 

0. 

N.d. 

0. 

2.4 

0. 

N.d. 

1 

1.5 

l.C 

n.d. 

1.1 

Appendix 

IV}. 


Table 3. Nuclide concentrations in surface samples 
taken outdoors on and near Clccon property 


Location 
(see Fig. 3 ) 

232Th 

(pCi/g) 

(pCi/g) 

2-26Ra 

(pCi/g) 

1 

1.3 

1 .2 

1.0 

3 

0.9 

0.9 

1.5 

6 

0.8 

1.3 

1.3 

13 

0.9 

0.7 

1.5 

22 ^ 

54.3 

49.7 

2.1 

22 ^ 

16.2 

14.2 

1 ..5 

27 

1.9 

1 .6 

1.2 

28 

1 .4 

1.1 

1.0 

29 

0.9 

0.9 

1 . i 

30 

0.9 

0.8 

1 . 1 

31 

0.8 

0.8 

0.8 

32 

1.0 

0.9 

1 ..S 

33 

0.9 

0.8 

2.4 


^Two samples were taken at this location because of 
elevated external gamma levels. 



laoic M. 


uirecL measui emens ui aipnu cujiLumiiiuLiuii jii 
IMiiTdings B and C 


Building , . Extent of alnlia contamination ai 

and room indicated by direct readings 


b-1 


B-1 


B-I 


B-1 


B-] 


B-1 


B-2 


West wall 


So\ith wall 


North wall 


East wall 


Overhead : 
ceiling, beams, 
lights, ducts, 
tram, heater. 
(Readings taken 
at random points). 

rioor (see 
Pigs. S and 9) 


North wall 


100 to 800 dprn/lOO enp' on horizonti 
steel beams; rest of wall showed li 
alpha contamination. 

100 to 400 dpm/100 on horizonti 
.steel beams; rest of wall showed li 
alpha contamination, 

200 to 400 dpm/100 cm^ uniformly at 
1 ft from floor; horizontal steel \ 
measured uniformly higher than 100 
cm^, and higher than 1000 dpm/100 < 
many spots; highest reading was 40, 
dpm/100 cm^ on steel beams at 3 to 
ft from floor in northeast corner I 

New metal wail; alpha contaminatioi 
on switclibox ~ up to 1000 dpm/100 < 
there. 

Most readings in range of 120 to U 
100 three readings in northea? 
quarter between 5,000 and 10,000 dj 
cin^; only 4 readings were less thai 
100 env*^ , these were in southern hal 
room and were on vertical surface. 

Readings averaged over one square r 
far exceeded 100 dpm/100 cm^ over ( 
surface; individual instrument reac 
exceeded 5,000 dpin/lOO cm^ in sevei 
areas, particularly in northeast qi 
of room; highest individual instrur 
reading was 200,000 clpm/100 cm^ in 
grid square T-10. 

200 to 400 dpm/100 cm^ on horizontj 
steel beams on western two-thirds ( 
north wall; old (western-most) res' 
room wall extending 'v6 ft into rooi 
from north wall showed 800 to 1200 
100 cm^ on end and lower 2 ft of w; 
remainder of north wall showed lif 
alpha contamination. 



Table 4. (cont'd.) Direct mcasuremens of alpha contamination 
in Bui Idings B and C 


D , . Extent of alpha contamination as 

^ Location • i- * i L j- . i- ^ 

m ♦ indicated by direct readings 


West wall 


iiast wal 1 
South wall 


Overhead: 
ceiling, pipes, 
beams, lights, 
ducts, etc. 

(Readings taken 
at 43 randomly 
distributed points.) 

i'loor (see 
Figs. 8 and 9) 


South wail 


One small area between roll-up door 
and center of room, aliout 6 ft off 
floor, sliowcd 400 dpm/lUO cm^; remainder 
of wall showed <100 dpin/lOO cm''". 

All <100 dpm/100 cm^. 

Only spot exceeding 100 dpin/100 enr 
was on horizontal steel beam about 
6 ft off floor and 16 ft from 
southeast corner of room; reading 
there was 500 dpm/100 cm^. 

All readings were in range of 200 to 
1300 dpm/100 cin^-, averaging 3B0 dpm/ 

100 with a standard deviation of 
SO'^o. 


Readings averaged over ono sctuarc 
meter exceeded 100 d])m/100 cm^- on 
most parts of floor and were as hxgli 
as 2000 dpm/ 100 cni^ ; many individual 
instrument readings exceeded 5,000 
dpm/100 cm^, particularly in southeast 
corner of room; highest individual 
instrument reading was 20,000 dpm in 
survey square A- 16. 

Most areas measured loss than 100 dpm/ 
100 cm^. Some s]iots on blocks at 
bottom of wall and on horizontal beams 
across wall measured 200 to 400 dpm/ 
100 cm^. 


West wall Horizontal 2 x 4’s measured 300 to 700 

dpm/100 cm^ on "gable" part of wall; 
on lower part of wall horizontal wooden 
studs were generally near 800 dpm/lOO 
cm^; on remainder of wall, several large 
areas around sink and north of door 
averaged 200 dpm/lOO cm^ or greater. 


Table 4. (cant'd.) Direct measureinens of alplia contaiiunatic 
in Buildings B and C 


Building , Lxtent of alpha contanunat i on i 

, ^ Location ... . . ^ 

and room ^ indicated by direct readings 


B-.3 

Last wall 

B-2 

North wall 

B-3 

Overhead: 
beams and lights. 
(Readings taken 
at 22 randomly 
distributed points 

B-3 

Floor (see 

Figs. 8 and 9) 

B-4 

West wall 

B-4 

Hood along 
west wall 

B-4 

West and 
south wails 

B-4 

North wall 

B-4 

Ceiling 

B-4 

Floor (see 

Figs. 8 and 9) 


Horizontal beams showed 200 to i2( 
dpm/100 cm'’. Bottom 2 ft on soutl 
end of wall showed 400 to 800 dpnp 
100 cm'- in many places. Area adjc 
to nortli side showed 400 dpm/100 < 

200 to 600 dpm/100 cm^ on horizoni 
beams, pipes, and lodges; lower p< 
of walls exterior to Room 4 showee 
500 to 1200 dpm/100 cin^ and top o] 
door to Room 4 showed 400 dpm/100 

Most readings were in the range 
15,000 dpm/100 cm^ and averaged 21 
dpm/100 cm*- . All readings exceod( 
100 dpm/lOO enr . 


Readings averaged over one square 
exceeded 100 dpm/lOO cni^ in most ; 
of floor, along west wall many iin 
instrument readings were in the r; 
5000 to 20,000 dpm/lOO cm^' and 
high as 70,000 dpm/lOO cm'\ 

1400 to 1800 dpm/lOO cni^ . 

300 to 5000 dpni/lOO cm^ inside; a] 
100 dpm/lOO cm^ outside. 

Approximately 100 dpm/lOO cin^ 
(average) . 

Average 200 dpm/lOO cm*^ on upper ; 
of wall; averaged 400 dpm/lOO cm^ 
lower part. 

200 to 400 dpm/lOO cm^ . 

Exceeded 300 dpm/lOO cm^ in many 
averaged over one square meter, 
individual instrument readings in 
western-most third of floor were 
range of 3000 to 30,000 dpm/lOO c 



Tabic 4. (cont'd.) Direct ineasuromens of alpha contamination 
in buildings B and C 


ig , . r-.xtent of alpha contamination as 

mi indicated by direct readings 


WalLs and ceiling 

Floors (.see 
Figs. 8 and 9) 


Walls and ceiling 


Floor (sec 
Figs. 8 and 9) 


Walls and ceiling 


F'loor (see 
Figs. 8 and 9) 


Walls, ceiling, 
floor 


Wall s , ceil ing 
floor 

Walls, ceiling, 
floor 

Walls, ceiling 


Floor (sec 
Figs. 8 and 9) 


No alpha contamination above 100 dpni/ 
100 cin^. 

Averaged more than 100 dpm/lOO cru^ 
over most of floor; individual 
instrument readings were a.s l\igh 
as 4000 dpm/lOO cm'^ . 

No alpha contamination above lUO di>ni/ 
100 cm'. 

Avei’agcd from 200 to 1000 dpm/lOO cm^-. 

Measured less than 100 djMn/iOO cm^ ex- 
cept at three .spots on west wall; two 
spots (each <1 in^) at S to 6 ft above 
Floor above sciuare 0-16 (see I'ig. 2 ) 
averaged 200 dpm/lOO cm' and a spot 
(<1 h/) above square 0-1? averaged 
-■^00 dpm/lOO cm^. 

Roughly 80*0 of floor averaged greater 
than 100 dpm/lOO cm-'; the inaxlnjum 
individual instrument reading was 
2000 dpm/lOO cm^. 

Averaged less than 100 dpm/lOO cm^ in 
each square meter, all individual 
instrument; readings less Chan 160 
dpm/lOO cra^. 

.Ml individual instrument readings less 
than 100 dpra/lOO cm^ . 

Ml individual instrument readings less 
than 100 dpm/lOO cm^- . 

All individual instrument reading.s less 
than 100 dpm/lOO . 

Survey squares averaged 40 to 120 dpm/ 
100 cm^; highest individual instruiiient 
reading was 180 dpm/lOO cm^ . 





lahle 1. {coiit'd.) Direct meaburcmunh 
in Buildings B and C 


U I kl 1, V M 


K K * » v/1 I 


l.ocation 

aiiJ 10 X 1 


H Arua over (looms S, 

1', 7. 8, 9, 10. 
and 11 

v'- riav.x.ible South wall 
storai^L’ 


C- fla-r.abh- Hast wall 


H-fl.iK.rnahlc North wall 

storage 

roop. 

(!- t'lanfi'ablo (Vest wal 1 
storage 


L - 1 lar.iiiablc IVindow ledges 
storage (see Fig. 10) 

H-t laapable Overhead 

storage 

rooi'i 


i.- 1 lanrable Floor (see 
storage Fig. 10) 
roop 


C-t'lai:., Pablo halls and 
storage overhead 
room 


l-xtent of alplwi coiit am i iiul i on 
indicated !)>' direci ja'tiil i ug>’ 


Uniformly 200 to dOO ) 0I3 r.iif . 


Alpha contamination CouikI only on 
lower wall, 1-rom 0 to 1 ft :ive\’agc( 
200 to 500 dpm/100 tan'' witli niaxiiiiiim 
readings of 2000 to 6000 dpin. 

Averaged 200 to 600 d)nii/100 on 
lower wall; some indi vicliuiJ instniiii' 
readings were in range 12,0(l() to 40 
dpiu/100 cm^ at wall-rioor intersect 
no alpha contamination above 'S ft. 

All individual instniincnt re.-ulings ' 
less than 100 dpm/lOO aw'’. 


Averaged 100 to 200 dpiit/100 cm'’ nea 
floor, with little alpha contanunat 
above one foot from floor. 

Measurements generally in rnnp.c 140 
to 1600 dpm/lOQ . 

No alpha contamination found. 


Survey at random j)oint.s suggested t 
alpha contamination exceeding 100 d 
100 cm by direct reading was conce 
trated mainly at 0 to 1 ft from sou 
and east walls. Much of alpha coiit 
ination was in cracks, and highest 
leadings appeared to he from thoron 
emanations. 

No alpha contamination dctocted. 


Table 4. (cont'd.) Direct measuremens of alpha contamination 
in Buildings B and C 


li Idi ng 
id room 

location 

L-xtent of alpha contamination i 
indicated by direct readings‘ 

old 

orage 

lOin 

I’luor Tsce 

Fifi. 11) 

New concrete. Little alplia contamii 
except near bottom of north wall win 
some readings exceeded 100 dpm/lOO c 
and were as liigh as 4200 dpin/100 cm' 
apparently due to outgassing of thoi 

old 

•ocess 

•ea 

Floor 

•Mo alplia contamination except clirccl 
above open drains, wliere readings uj 
to 4000 dpm/lOO cin*^ were recorded, 
and in an area of less tlian 1 arc 

a crack near the southwest corner ol 
the solvent storage room, where reac 
of approximately 800 dpm/100 cm^ wci 
recorded. 

old 

'Ocess 

•ea 

Walls and 
overhead 

All individual ir\strunicnt readings \ 
less than 100 dpm/100 cm^ . 


ini css stated otlierwisc, measurements represent averages over areas nc 
arger than 1 m^. 


contamination 1 


Table Transferable alpha and beta 


Buildinji No. of smear 

and Room Area samples taken 


iNo. of samples 
exceeding NRC 
1 imits {n or £1 


Av max transfer- 
able a le\'els 
for samples exce- 
eding Q limits 
Cdpin/ 1 00 cm- ) 


B-1 

Floor 

?S 

B-1 

South 

45 


wall 


B-1 

East 

17 


wall 


B-1 

West 

wall 

28 

B-1 

North 

wall 

26 

B-1 

Over- 

head 

46 

B-2 

Floor 

7S 

B-2 

West 

14 


wall 


B-2 

South 
wal I 

14 


19 

av 

oU 


max 

200 

23 

av 

55 


max 

35 

10 

av 

25 


max 

30 

0 

19 

av 

115 


max 

540 


54 

av 

145 


max 

500 

24 

av 

50 


max 

no 

6 

av 

25 


max . 

50 

5 

av 

40 


itax 

55 





Table 5. (cimr 

* J .) Transiei able' 

alpha and beta contaniina 

Building 
and Room 

Area 

No. of sntftr 
.samples taken 

\‘o. of samples 
exceeding NRC 

1 imits (i or 3) 

•\v f, max transfer- 
able a levels 
for sanir)les exce- 
eding a limits 
(dpm/lUO cm‘) 

B-2 

I-.ast 

wall 

n 

0 


B-2 

North 

wall 

21 

10 

below 

1 iiiiit s 


B-2 

Over- 

22 

13 

3V 

50 


head 



max 

•10 

B-2 

Drains 

S 

.S 

av 

.u' 





max 

no 

B-2 

.Area over 

2i 

3 

av 

50 


Rooms 5, 6 

7, 8, 9, H) 
and i 1 



xax 

3."’ 

B-5 

floor 

2S 

18 

av 

55 





niij.x 

:n 

B-.'i 

South 


1 

av 

2 3 


wal 1 



max 

25 

B-5 

East 

•1 

s 

ho 1 ow 



wall 



limit 

s 

B-.i 

best 

8 

H 

av 

50 


wu i 1 



ri;a x 

03 

B-5 

North 

wall 

.1 

0 



B-3 

Over- 

12 

12 

av 

y5 


head 



ma.\ 

2-1 u 


Table 5. (.coiit'd.') 'rrani.f«.- 


Building No. of smear 

and Room Area samples taken 


H-i 

All 

surfaces 

4 

B-5 

All 

surfaces 

7 

B>6 

A1 1 

surface.s 

10 

B-7 

.Ml 

surfaces 

8 

B-8 

.Ml 

surfaces 

8 

B-9 

.•Ml 

surfaces 

10 

B-10 

Floor, wall 
overhead 

3 

B-Il 

.All 

surfaces 

10 

Bldg. C 
flammable 

Floor 
and walls 

51 


Storage 

room 


Av fi nia.\ transfer- 
able 'I levels 

.No. of saraples for samples exce- 

excecding X'RC eding u limits 

limits (u or B) (dpra/lClU cm~l 


4 

av 

SO 


max 

90 

5 

below 



I imit s 

5 

av 

ilO 


max 

135 

3 

av 

25 


max 

25 

0 

0 

av 

25 


max 

30 

0 

1 

av 

25 


max 

25 

iO 

avg 

55 


max 

-in 


Table 5. (cont'd.) Transferable alpha beta contaminati 


Building No. of saear 

and Room Area samples taken 


o£ samples 
exceeding NRC 
limits (a or 6) 


Av fi max transfer- 
able a levels 
for samples exce- 
eding a limits 
(dpra/100 cra^) 


Bldg. C 

All sur- 

65 

0 

old stor- 

faces in- 



age area 

cluding 

drains 



Bldg. C 

Over- 

38 

0 

[large 

head 



open area 
referred 




to asJ old 
process area 



[see Fig. 

1) 






Tabic 

6. Direct alpha and beta-gamma reading 
on roofs of Buildings B and C 


I.ocat ion 
(Sec Fig. 3 ) 

Alpha 

contamination 
(dpm/IOO ern^) 

Approximate 
percentage of 

Beta-gamma beta-gamma 

dose rate reading resulting 

(mrad/hr) from beta radiatio 

R1 

480 

0.03 

14 

R2 

80 

0.03 

17 

R3 

50 

0.02 

20 

R4 

4 20 

0.03 

17 

R5 

220 

0.03 

17 

R6 

360 

0.02 

0 

R7 

60 

0.02 

n 

R8 

540 

0.03 

17 

R9 

560 

0.03 

17 

RIO 

600 

0.03 

17 

Rll 

480 

0.03 

17 

R12 

280 

0.04 

25 

R13 

300 

0.03 

17 

R14 

2940 

0.03 

14 

R15 

50 

0.02 

20 

R16 

240 

0.03 

17 

R17 

780 

0.03 

33 

1U8 

480 

0.03 

33 

‘■’These measurements represent individual instrument readings at 
18 randomly selected locations. 

b,,. 

ihe percentage 

P is estimated 

from the formula: 


P = 100 X 

open-window G-M 

reading - closed-widow 

G-M read; 


open-window G-M reading 



Tabic 7. Direct measurement 
in Buildings B and 


Location 


Wa 1 1 s 

Overhead : cei I i ng 
beams, pipes, ducts, 
insulat ion 

1-loor (see I'igs. 

12 and 13j 


Walls and overhead 
I’loor (sec I'ig. 12) 


B-4 Walls and overhead 


B-4 Floor (sec Fig. 12) 

s 5, 6, All areas 

, 10 , 


Area over rooms 5, 6, 
7, 8, 9, 10. and 11 

able Walls and overiiead 

room 

able Floor (see Fig. 14) 

room 


torage Walls and overhead 


torage Floor (see Fig. 15) 

Remainder of building 


of beta- gamma contaminat i on 
C 


lixtent of beta-gainnui containing: 
as ind:icated hy direct rcadir 

Less than 0.05 mrad/hr at all f 

Generally 0.25 to 1.35 mrad/hr 
horizontal surfaces of beams at 
and less tlian 0.10 inrad/lir else 

Readings averaged over 1 m‘- c.kc 
0.20 mrad/hr in northeast conic 
incii vidua I instrument read I ngs 
1 inrad/hr at many points in noi 
corner and were ns high as (i . 8 

Less tluin 0.05 mrad/hr at all j 

Readings averaged over 1 iii^ die 
exceed 0.07 mrad/hr except in I 
southeast corner, whore an avci 
0.18 inrad/lir was recorded. 

Readings were less than O.IO nu 
at a 1 1 poi nts . 

No readings exceeded 0.05 mrad/ 
No readings exceeded 0.05 mrad/ 


All readings less than 0.05 mn 

Less than 0.0.5 mrad/hr at all j 

Average over area of no more t) 
exceeded 0.20 in area near wal 
southeast corner. 

Less than 0.05 mrad/hr at all ] 

Individual ) ns t rumen t readings 
exceed 0.11 inrad/lir. 

No reading above background. 


Vl«« (•UllCi I 1 1^ .> v3 '.'Jl 

and near the site 


Local ion 
(See Fig. 5) 

Ganmia 
radiat ion 
at 1 m 
(nU/hr) 

Ganmia 
radiat ion 
at surface 
(nU/hr) 

Bcta-gaijuna 
dose rates 
at 1 cm 
(mrad/h r) 

1 

12 

16 

0.02 

T 

12 

12 

n.02 

3 

13 

13 

0.02 

4 

10 

10 

0.02 

5 

18 

18 

0.02 

(> 

12 

12 

0.02 

7 

! 

10 

10 

0.01 

8 

11 

11 

0.01 

9 

12 

12 

0.02 

10 

13 

13 

0.02 

1 1 

1 1 

11 

0.02 

12 

13 

13 

0.02 

13 

12 

12 

0.02 

14 

12 

12 

0.03 

15 

10 

10 

0.0.3 

16 

10 

10 

0.03 

17 

12 

12 

0.02 

18 

13 

13 

0.02 

10 

12 

12 

0.03 

20 

12 

12 

0.03 

21 

12 

1 2 

0.02 

22 

28 

70 

0.07 

2.3 

12 

12 

0.02 

24 

14 

24 

0.04 

25 

14 

14 

0 . 04 

26 

Inaccessible 

00 

0.09 

27 

14 

14 

0.02 

28 

12 

1 2 


29 

12 

12 


30 

14 

14 


31 

11 

11 


32 

16 



33 

14 



34 

14 







'['abJe 10. (ajiiccntratioiis ol* soluble and suspended 
in water samples 



Water 

(pCl/litcrJ 

Solid: 

i .suspended 

Sample 

location 

2 32 

Th 

228 

Th 

232 

Th 

22 H 

T 

iiUlg. C, 

Di'ain 1 
(l-'ig. M 

<S X 10 

<5 X 10"'' 

<0.2 

<U 

Bldg. C, 

Drain 2 
(big- 5} 

<5 X 10 

<10'“' 

N.n.‘' 

0 

Taj)-v/atcr 
sample from 
Cleveland 
water system 

N.U. 

<5 X 10'*^ 



RCO 

w 

■y 

7 




a 


N.n. = 


not detected. 



Tabic II. Concentrations of thoron Rn) Janyhter 

radionuclides in nir 


l.ocat ion' 

1 

Dat e 

Starting 
t iiiie 

Saiiipl ing 
period 
(all iij 

Th-B 

f pc i / 1 i 1 er) 

Th-C 

fpCi/1 iter) 

1 

•) _ 

1 0-77 

7:00 pm 

60 

1 .d X 

lO'** 



2 - 

1 0-77 

.7 : 2 0 pm 

926 

«.4 x 

10-^ 

<MD.A 


2_ 

11-77 

9: -10 am 

60 

1.4 X 

10"“ 

4.7 X 10"'^ 

■■) 

o _ 

1 1-77 

n ;2U am 

2d0 

7.6 X 

10-^ 

<MI)A 

a 

-> _ 

1 2-77 

9:. 70 am 

60 

1.7 X 

10"" 

1.5 X 10"'' 

6 

■) _ 

12-77 

1 1 : 1)1 am 

60 

5.0 .X 

H)-^ 

4.6 X 10"'^ 

7 

"> _ 

12-77 

■1:10 Jim 

65 

.7.6 X 

10"' 

1 .9 X 10"' 

8 


1.7-77 

12; 10 pm 

1265 

1.-7 X 

10"^ 

<M!)A 

d 

2_ 

lG-77 

10:00 am 

2^10 

4.9 X 

10"^ 

1 

o 

X 

CO 

c:t; 





6 X 

10"' 

7 


'■\Sec 1!). 

MDA = tiii/i jiiKUit detectable activity. 
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APPliNDIX It 


DIjSCIUPTION' op radiation SimVJiY 


Mirrr.US AND SMBAR COUNTBRS 



RADIATION SURVriY Mi'-TliRS 


Alpha Survey Meters 

Two types of alpha survey meters are used to measure alpha ra. 
activity on surrnces. One type of instrument uses a 2nS scintilla 
and the other uses a gas-flow proportional counter to detect the a 
radiation . 

The alpha scintillation survey meter consists of a large area 
(100 cur ) ZnS detector with a photomultiplier tube in the pj'obe w 
is coupled to a portable scaler/rateineter (see I'ig. II-A). 'I'hc Zn 
detector is covered with a 5-mil aluminized mylar sheet in order t 
the instrument light-tight- The mylar, in turn, is covered with a 
to prevent puncturing the detector when surveying over rough surfa 
This instrument is capable of measuring alpha surface contamijiut io 

•7 

levels of n few dpni/100 enr but must be used in the scaler mode fo 
purpose. It is highly selective for densely ionising radiation sue 
alpha particles; the instrument is relatively insensitive to beta 
gamma radiation. 

The gas- flow proportional counter uses propane gas us the del 
medium. Through front panel meter readings it can bo used to mens 
alpha contamination levels from a few hundred dpm/lOO cin^ to scvoi 
hundred thousand dpm/lOO cm . If individual pulses arc counted, t 
itistrument can also be used for measurements douTi to a few dpm/l0( 
The probe has a surface area of approximately 61 cin^ and has a 2.1 
aluminized mylar covering with a protective grid. Duo to the prol 
giid, the active area of the probe is 50 cm^. It is relatively ii 


tivc to other than aJpha radiation. This instrument, shoisrn In I’ig 
is iiinnufactured by the I'berlinc instrumettt Company as their model 
meter witii a in'obe. 

239 

Both oi tlicse instruments are calibrated at ORNL using ‘ Pu 
sources. Wlulc each instrument is individually calibrated, the ca 
brat Lon ITactors arc typically 5 to 6 dpin/cpin. 

Beta Survey Meter 

A portable ('•eiger-Mul Icr [(l-M) survey meter is tJic jjrimnry in 

ment for mcasLirlng beta-gamma radioactivity. The G-M tube is a hu 

2 

c[uenclJC!d stainless steel tube having a 30 mg/cm wall thickness an* 

2 

l)rcscnf;Lng a cross-sect Jonal area of approximately 10 cm . Since 
tulDc is sensitive to l)Ot)i beta and gamma radiation, iiieasiircments a 
taken In l)oth an open window and a closed-window configuration. B 
radiation cannot penetrate the closed window, and, tlms, the beta 
reading can be determined by taking the UifCercnco between the oj)c 
closed window readings. This meter is shown in Fig. TI-C. 

Tlic G-M survey meter was calibrated at ORNI, for gamma radiutii 
using an NBS standard Rn source. The gamma calibration factor is 
of v.iie onlcr of 2600 cpm/inR per hr. 

In order to assess beta-gainma surface dose rates from uraniuin 
taminated surfaces using this instrument, a field calibration was ] 
formed. The G-M survey meter was compared with a Victoreen Model • 
ionization ci\ainl)er (see Fig. TT-D) and was found to produce 1750 c 
mrad/lir with a 2 '^% standard deviation for a wide variety of surfaC' 
including concrete, wood, pavement, bricks, and steel beams. 


Gamma Scintillation Survey Meter 


A portable survey meter using a Nal scintillation probe is used to 
)asure low-level gamma radiation exposure. The scintillation probe is 
3.2 X 3.8-cm K’al crystal coupled to a photomultiplier tube. This 
'obo is connected to a Victoreen Model Thyac HI ratometer (see I’ig. 11- 
)is unit is capable of measuring I'adiation levels from a few jjR/hr 
) several hundred yR/hr. This instrument is calibrated at ORNL with an 
5S standard ^Ra source. Typical calibration factors are of the order 
• 300 cpm/pR per hr. 


SMEAR COUNTERS 
Alpha Smear Counter 

This detector assembly, used for the assay of alpha emitters on 
lear paper samples, consists of a light-tight sample holder, a zinc 
ilficle phosphor and a photomultiplier tube. This detector assembly was 
;ed with electronic components housed in a portable NIM bin (sec I’ig. 
-F’) . The electronics package consisted of a preamplifier, a OR'ITC 456 
gh voltage power supply, a Tennelec TC 211 linear amplifier and a 
:nnelcc TC 545 counter-timer . 

The alpha smear counter was used in the field and was calibrated 
ily using an alpha source with a known disintegration rate. 

Beta Smear Counter 

The beta smear counter consisted of a thin mica window ('v 2 mg/cin") 
M tube mounted on a sample holder and housed in a 23-cm diain x 35-cm 
gh lead shield. Located under the counter window is a slotted sample 
Ider, accessible through a hinged door on the shield. An absorber can 


ntcrposcd in tlie slot between the sample and the counter window to 
?rininc relative beta and gamma contributions to the observed sample 
itlng rate. 'I'he electronics for this counter were housed in a 
:able NIM bin and consisted of a Temielec TC 148 preamplifier, an 
iC 4.S6 high voltage power supply, and a Tennelec TC S45 counter-timer. 

This unit, shown in Fig. II-F, was used in the field to measure 
I activity on smear papers and was calibrated daily using a beta 
idard of known activity. 

Tlie Instruments described above are maintained in good condition 
arc transported from ORNL to each radiological survey site in one 
;wo mobile laboratory vehicles as shown in Fig. II-G. This motor 
:h serves as a base of operations at each survey site. It is used 
I temporary office for data reporting and storage, and general 
>ose laboratory for liandling and packaging environmental samples. 











i f I 



APPENDIX III 


TECHNIQUE FOR THE MEASUREMENT OF TilORON 
PROGENY CONCENTRATIONS IN AIR 



TnCHNIQUE FOR THE MEASUREMENT OF “ Rn 'I'HORON 


PROGENY CONCENTRATIONS IN AIR 


An alpha spectrometry technique has been developed for the mea- 


2'>Q 

urement ot Rn progeny concentrations in air. From two integral 


212 212 
:ounts of the Po alpha peaks, the concentrations in air of Pb 


212 ^. 


[Thorium B) and Bi (Thorium C) may be calculated. 


Particulate Rn daughters attached to airborne dust are collect 


311 a membrane filter with a pore size of 0.4 microns. A sampling tinu 


3f 1 to 15 hr and a flow rate of 12 liters/min are used. The filter 


ample is then placed under a silicon surface barrier detector and 


counted. The detector and counting system used for thoron daughter 


iioasureinents are shown in Fig. III-A. Usually, counting of this kind 


)erforined with a vacuum between the sample and the detector which reqi 


i complicated sample holder and time-consuming sample changing method: 


■xperiments at this laboratory have shown that ease in sample handlinj 


.s obtained with little loss in resolution when helium is used to fiT 


;he chamber. In this counter, helium flows between the diode and the 


.’ilter sample, which arc 0.5 cm apart. One integral count of the 


Ipha peak is obtained during the period 60 to 90 min after sampling 


:nd a second integral count of the Po peak is obtained during the 


o 295-min post-sampling period. 


220 

The equations describing the Rn progeny atoms collection rate 


n tlie filter are of the form 


dn^(t) 


= C^v + - A^n.(t) 


( 1 ) 


whei’c 


II . 
1 


number of the species of atom on tiie filter 
as a function of time, 


= radioactive decay constant of the i^^ species (niin 
- concenti'ation of the species (atoms 1 , and 

V nir sampling flow rate (liters min 


The solution of fiq. (1) is of the form 


y ^ [Yq = / P(x) e'^^dx] . 

From the general form of the solution, specific equations can be 

220 

obtained describing tlic number of each Un decay product collected 

on the filter as a function of time. Also by letting v = 0 in Oq. (1 

220 

a set of et|uations describing the decay on the filter of each Rn 

220 

progeny can be obtained. The equations describing the decay of Ri 

progeny on the filter can be integrated and related to tlie integral c 

21 2 

obtained experimentally. Values for the total activities of "Pb 

9 12 

and " Bi on the filter at the end of sampling are obtained by apply; 
matrix tccliniques . Tlie airborne concentrations are obtained by solv; 
the equations describing the atom collection rates on the filter. A 
computer program has been written to perform these matrix operations; 
to calculate tlic air concentrations of the thoron progeny, and to esi 
the accuracy of the calculated concentrations. 



APPHNinX IV 


DliSCRIl’TION OF Gc(Li) DHTHCTOR AN’D 
son, COUNTING PROCr.nURHS 



DLSCRIP'nOX OF Ge(l/i) DHTECTOR SYSTEM 


A hoJdcr j'or twelve 30-cc polyethylene bottles (standard containers 

• liquid scintillation sarnplos) and a background sliield have been 

,igncd for use with a 50-cc Ge(Li) detector system in laboratory 

lilting of rad Luactiv'ity in environmental samples (see l-'igs. IV-A, 

B). During counting of the samples, the holder is used to jiosition 

1 of tlie sample bottleti around the cylindrical surface of tlie detector 

'allcl to and symmetric about its axis, and two additional bottles 

•OSS the end surface of tlic detector, perpendicular to and symmetric 

h its axis, bitli a 300-cc sample and a graded shield developed for 

226 

: with the system, it is possible to measure 1 pCi/g of “ ‘"Th or Ra 
ti an error of 10‘1^ or less. 

lAilscs are sorted by a 4096-channcl analyzer (sec Fig. IV-(;) , 

ifcd on magnetic tape, and subsequently entered into a computer jirograi 

cii uses an iterative least squares method to idei^tify radionuclides 

responding to those gamma-ray lines found in the sample. The program 

ios on a I ibrary of radioisotopes which contains approximately 700 

itopes and 2500 gumma-rays and which runs continuously on the IBM-560 

2 '’6 

tom at ORiN’f,. In identifying and quantifying “ Ra, six principal 

214 

iiiiu-ray linos are analyzed. Most of these are trom Bi and eorrespo 
295, 552, 009, 1120, 1765, and 2204 KeV. An estimate of the concentr 

n of is obtained from an analysis of the 93 KoV line from its 

, 234.,,, 

ghter Ih. 
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APPUNDIX V 


PP.UTINliN'r RAniOLOGICAL RHGULATIONS, 


STANDARUS AND GUIDELINES 



GUIDELINI-S 1-OR DOCONT/\MINATION 01- FACILITIES AND EQUIPMENT 
PRIOR TO RELEASE FOR UNRESTRICTED USE 


OR TERMINATION OE LICE^NSES FOR BYPRODUCT, SOURCE, 
OR SPliCIAL NUCLEAR MATERIAL 


U. S. Nuclear Regulatoi'y Corunission 
Division o£ Fuel Cycle 
and Material Safety 
Washington, !). C. 20555 


November 1976 



’he instructions in this guide in conjunction with Table V- 1 specify the 
•adioacti vi ty and radiation exposure rate limits which should be used 
n accomplishing the decontamination and survey of surfaces or premises 
ind equipment prior to abandonment or release for unrestricted use. 
lie limits in Table V-I do not apply to premises, equipment, or scrap 
ontaining induced radioactivity for which the radiological considera- 
ions pertinent to their use may be different. Tlie release of sucli 
acilities or items from regulatory control I'.'ill be considered on a 
ase-by-case basis. 

'rhe licensee shall make a reasonable effort to eliminate residual 
contamination. 

'. Radioactivity on equipment or surfaces shhll not be covered l^y 
paint, plating, or other covering material unless contamination 
levels, as determined by a survey and documented, arc below tlie 
limits specified in Table I prior to applying the covering. A 
reasonable effort must be made to minimize the contamination 
prior to use of any covering. 

'Die radioactivity on the interior surfaces of pipes, drain lines, 
or ductwork shall be determined by making measurements at all traps, 
and other appropriate access points, provided that contamination 
at these locations is likely to be representative of contamination 
on the interior of the pipes, drain lines, or ductwork. Surfaces 
of premises, equipment, or scrap which are likely to be contaminated 
but arc of such size, construction, or location a.s to make the 
surface inaccessible for purposes of measurement shall be presumed 
to be contaminated in excess of the limits. 

Upon request, the Commission may authorize a licensee to relinquish 
possession or control of premises, equipment, or scrap having surfac 
contaminated with materials in excess of the limits specified. This 
may include, but would not be limited to, special circumstances such 
as razing of buildings, transfer or premises to another organizatior 
continuing work with radioactive materials, or conversion of facilit 
to a long-term storage or standby status. Such request must: 

a. Provide detailed, specific information describing the 
promises, equipment or scrap, radioactive contaminants, 
and the nature, extent, and degree of residual surface 
contamination. 

b. Provide a detailed health and safety analysis which reflec 
that the residual amounts of materials on surface areas, 
together with other considerations such as prospective us€ 
of the premises, equipment or scrap, are unlikely to 
result in an unreasonable risk to the health and safety 
of the public. 


f). I’rior to release of premises for unrestricted use, the licensee 

shall make a compreltcnsive radiation survey which establishes that 
contamination is within the limits specified in Table 1. A copy 
of the survey report shall be filed with the Division of Fuel Cycl( 
and Material Safety, USNRC, Washington, D.C. 20555, and also the 
Director of tlie Regional Office of the Office of Inspection and 
Enforcement, USNRC, having jurisdiction. The report should be 
filed at least 30 days prior to the planned date of abandonment. 

The .survey report shall: 

a. Identify the premises. 

h. Sliow that reasonable effort has been made to eliminate 
residual contamination. 

c. Dc.scribe the scope of the survey and general procedures 
fol lowed . 

d. State the findings of the survey in units specified in 
the instruction. 

I'Ollowing review of tl\e report, the NRC will consider visiting the 
facilities to confirm the survey. 



ACCEPTABLE SURFACE CONTAMINATION LEVELS 


NUCLIDES^ 

AVERAGE^ ^ 

MAXIMlffi 

U-nat. U-23S, U-238, and 
associated decay product.*? 

5,000 dpm a/100 cm^ 

15,000 dpm 

Transuranics, fta-226, Ra-228, 
Th-230, Th-22S. Pa.351, 

Ac.227. 1-125, 1-129 

100 dpm/ 100 cm*" 

300 dpm/ 

Th-nat, Th-232, Sr-90 

Ro-225, Ra-224, U-232, 1-126, 
1-131, 1-135 

1,000 dpm/LOO cm” 

5,000 dpm; 

Beta-gamma emitters (nuclides 
with decay modes other than 
alpha emission or spontaneous 
fission) except SR-90 and 
other noted above. 

5,000 dpm 6 y/ 100 an" 

15,000 dpm 


^^Whcre surface contamination by both alpha- and beta-gamma-enij cting nuclides exis 
beta-gamma-enitting nuclides should apply independently. 

^As used in this table, dpm (disintegrations per minute) means the rate of emiss: 
by correcting the counts per minute observed by an appropriate detector for bad 
associated with the instrumentation. 

^Measurements of average coniaainant should not he averaged over more than 1 »qu« 
area, the average should be derived for each such object. 

Stic maximum contamination level applies to an area of not more than 100 cm^. 

^The amount of removable radioactive material per 100 cnj- of surface area should 
dry filter or soft absorbent paper, applying moderate pressure, and assessing tl 
wipe with an appropriate instrument of known efficiency. When removable contain: 
is determined, the pertinent levels should bo reduced proportionally and the eni 

^Thc average and maximum radiation levels associated with surface contamination : 
not exceed 0.2 mrad/hr at 1 cm and 1.0 rorad/hr at 1 cm, respectively, measured i 
square centimeter of total absorber. 


Excerpts 
Proposed 
AMSI N328 


Proposed American National Standard 


Control of Radioactive Surface Contamination 
on Materials, Equipment, and Facilities to be 
Released for Uncontrolled Use 


:retariat 

ilth Physics Society 


I^ropcrt)' shall not be released for uncontrolled use unless docur 
measurements show the total and removable contamination levels i 
no greater than the values in 'iable V-2 or Table V-3. (Table V- 
is easier to apply when the contaminants cannot be individually 
identified . ) 

Where potentially contaminated surfaces arc not accessible for r 
ment (as in some pipes, drains, and ductwork), such property shi 
be released pursuant to this standard, but made the subject of t 
case evaluation. Credit shall not be taken for coatings over cc 
ination. 


TABU: V-2 


SURl'ACi- CONTAMINATION LIMITS 

* 7 

The levels may be averaged over the 1 m** provided the maximum act 

2 

in any area of 100 cm is loss than 3 times the limit value. 

Limit (Act 
d pm/lQO 

NTicl idc 


Total 


Group 1: Nuclid^'^ for which the nonoccupational 
MPC is 2 X 10 ' Ci/m*^ or lcss.^or fo^ which the 

nonoccupational MPC is 2 x 10 Ci/m* or less; 
includes Ac-227; Am-2^1; -242in, -243; Cf-249; -250, 

-251 , -252; Ciu-243, -244, -245, -246, -247, -248; 100 

1- 125, -129; K’p-237; Pfi-231; Ph-210; Pu-238, -239 
-240, -242, -244; Ra-226, -228; Th-228, -230. ^ 

Group 2: Those nuclides not in Crou^^^ for^which 

the nonoccujnitional MPC is 1 x 10 Ci/m or 

less 01 ' for which tlte nonoccupational is 1,000 

1 X 10 ’ Ci/m' or less; includes ns-254; I'm-256; 

1- 126, -131, -133; Po-21(); Ra-223; Sr-90; Th- 232; 

IJ-232.5 

Group 3: Those nuclides not in Group 1 or 

Group 2. 5,000 


*See note following Table 2 on application of limits. 

: Maximum Permissible Concentration in Air applicable to con 
exposure of mcjiibers of the public as published by or derived from ; 
autlioritati ve source such as NCRP, ICRP or NRC (10 CPR Part 20 Appi 
n Table 2, Column 1.) 

'MPC ; Maximum Permissible Concentration in Water applicable to ni 
bers of the ])ublic. 

^Values presented here are obtained from 10 CFR Part 20. The most 
limiting of all given MPC values (e.g. soluble vs. insoluble) are 
used. In the event of the occurrence of mixture of radionuclides, 
fraction contributed by each constituent of its own limit shall be 
termined and the sum of the fractions must be less than 1. 


TAliLli V-3 


ALTHRK'ATl- SURJ-ACH CONTAiMIMATIOX LIMITS 
(All nlpha emitters, except IJ-nat and Th-nat are considered ns a 
The levels may be averaged over 1 provided the maximviin activi 
any area of 100 is less than 3 times the limit value. 


Nucl ide 


If the contaminant cannot be identified; or 
if aiplui emitters other than U-nat and Th-nat 
arc present; or if the beta emitters comprise 
/\c-227, Pa-226, Ra-228, 1-125 and 1-129. 

If it is known that all alpha emitters arc 
generated from U-nat and Th-nat; and beta 
emitters arc present which, while not 
i dcjiti f icd, do not include Ac-227, I-12S, 
)-12*>, Ua~226 and Ra-228. 

If Jt is known that alpha emitters are 
gonerateci only from U-nat and Th-nat; and 
the beta emitters, while not identified, 
do not. include Ac-227^ 1-125, 1-129, Sr-90, 
Ra-22:i, Ua-228. 1-126, 1-131 and 1-133. 


Limit (Act 
dpin/ 100 


Total 

100 


1 ,000 


5,000 


*K0'ri: ON APPLICATIOK OF TABLES 1 AND 2 TO ISOLATliU SPOTS OR ACTIV 

I'or jiurposes of averaging, any m** of surface shall beacons Idered 
contaminated above the limit, L, applicable to 100 cm" if-. 

a. I'rom measurements of a representative number, n, of.^sectlons 
determined that 1/n fSi > I., where Si is the dpm/100 cm" determi 
measurement of section i; or 

b. On surfaces less than 1 m^, it is determined^tiuit 1/n JlSi ; 

w!\crc A is the area of the surface in units of m"; or n - 

c. It is determined that thg activity of all isolated spots or 
it\ any area less than 100 cm exceeds 3L. 


SUR{;H0N GHNRUAI/S GUIDELINliS 
Part 712 

(Irand Junction Remedial Action (Criteria 

Jcrn l Register, Vo l. 41, Mo. 253, pp. fifi777-8, 'I'hursd ay , December 30, 

PARI- 712 - GRAND JUNCTION 
Rl-MIiDIAL ACTION CRITERIA 

2 . ] Purpose 

Ca) The rcgulatLoiis in this part establish the criteria for deter- 
uition by ERDA of the need for, priority of and selection of apjn'opvici 
iictlial action to limit the exposure of individuals in the area of 
iiul Junction, Colo., to radiation emanating from uranium mill tailing 
ich have been used as construction-related material. 

(b) The j'cgulations in this part arc issued pursuant to Publ. L. 
-314 (86 Stal. 222 ) of June 16, 1972. 

!5.2 Scope 

regulations in this part apply to all structure.s in tlie area of 
Kiel Junction, Colo., under or adjacent to which uranium mill tailings 
/c liccn used ns a construction-related material between January 1, 195 
;1 June 16, 1972, inclusive. 

Z. 5 Def initions 

As used in this part: 

(a) "Administrator" means the Administrator of Energy Research and 
/elopinent or his duly autliorized representative. 

(b) "Area of Grand Junction, Colo,," means Mesa County, Colo. 


Dactivc material other than uranium mill tailings. 

(d) “ERDA" means the U.S. Energy Research and Development Aclmin- 
ition or any duly authorized representative thereof. 

(e) "Construction-related material" means any material used in the 
:ruction of a structure. 

(f) "nxternal gamma radiation level" means the average gamma 

ition exposure rate for the Iiabitcable area of a structure a.s measured 
floor level. 

(g) "Indoor radon daughter concentration level" means that concen- 
on of radon daughters determined by: (1) Averaging the results of 

• samples, each of at least 100 hours duration, and taken at a minimurr 
week intervals throughout the year in a habitable area of a structure 
1) utilizing some other procedure approved by the Cominission. 

(h) "Mi 1 li roentgen (mR) means a unit equal to one-thousandth (1/1000 
I'oentgen which roentgen is defined as an exposure dose of X or gamma 
tion such that tlie associated corpuscular emission per 0.001293 gram 
r produces, in air, ions carrying one electrostatic unit of quantity 
ectricity of either sign. 

(i) "Radiation" means the electromagnetic energy (gamma) and the 
culate radiation (alpha and beta) which emanate from the radioactive 

of radium and its daughter products. 

(j) "Radon daugliters" means the consecutive decay products of radon- 
Generally, these include Radium A (poloniuni-218) , Radium B (lead-21S 

m C (bismuth-214), and Radium C (polonium-214). 


(k) "Remedial action" means any action taken with a reasonable e 
lectatlon of reducing tlic radiation exposure resulting from uranium mi 
ailings which have been used as construction-rclatcd material in and 
round structures in the area of (irand Junction, Colo. 

CD "Surgeon General's guidelines" means radiation guidelines re- 
nted to uranium mill tailings prepared and released by the Office of 
he U.S. Surgeon General, Department of Health, Education and Welfare c 
uly 27, 1970. 

(m) "Uranium mill tailings" means tailings from a uranium mill oj- 
ion involved in the Federal uranium procurement program. 

(n) "Working Level" (WL) means any combination of short-lived rac 
laughter products in 1 liter of air that will result in the ultimate 
;inission of l..'^xl0^ MeV of potential alpha energy. 

'12.4 Interpretations 

Lxeept as specifically authorized by the Administrator In writing, 
nterpretation of the meaning of the regulations in this part by an of! 
)r cmi)loyec of HRDA other than a written interpretation by tlie General 
lounscl will be recognized to be binding upon URDA. 

D2.5 Communications 

l'.xco])t where otlierwise specified in this part, all communications 
:oncerning the regulations in this part should be addressed to the PLr( 
livision of Safety, Standards, and Compliance, U.S. F.iiergy Research anc 
levclopment Administration, Washington, II. C. 20545. 

/1 2.6 General radiation exposure level criteria for remedial actioi 
Tlic basis for undertaking remedial action sliall be the applicable 


guidelines published by the Surgeon General of the Ujiited States. Th 
guidelines recommend the following graded action levels for remedial 
action in terms of external gamma radiation level (EGR) and indoor ra 
daughter concentration level (RDC) above background found within dwel 
constructed on or with uranium mill tailings: 


liGR 

RDC 

Recommendatio 

Greater than 0 . 1 

Greater than 

Remedial action ind 

mU/hr . 

0.05 WL. 


From 0.05 to 0.1 

From 0.01 to 

Remedial action may 

niR/hr . 

0.05 WL. 

suggested. 

Less tluin 0.05 

Loss than 0.01 

No remedial action 

ml\/hr . 

WL. 

dicated. 


712.7 Criteria for determination of possible need for remedial ac 

Once it is determined that a possible need for remedial action e 
the record owner of a structure shall be notified of that structure's 
eligibility for an engineering assessment to confirm the need for reir 
action and to ascertain the most appropriate remedial measure, if any 
determination of possible need will be made if as a result of the pre 
□f uranium mill tailings under or adjacent to the structure, one of t 
following criteria is met: 

(a) Where ERDA approved data on indoor radon daughter concentra 
levels arc available: 

(1) For dwellings and schoolrooms: An indoor radon daughter co 


:entration level of 0.01 WL or greater above background. 


(2) For other structures: An indoor radon daughter conccntratiu 
cvcl of 0.03 WL or greater above background. 

(b) Klierc liRDA approved data on indoor radon daughter concentrat 
cvels are not available: 

(1) For dwellings and school r'ooms : 

(1) An external gamma radiation level of 0.05 mll/hr. or greater ; 
'tickground . 

(ii) An indoor radon daughter concentration level of O.Ul WL or 
router al>ovc background (pi'csumed) . 

(A) Tt may be presumed that if the external gamma radiation leve. 
s equal to or exceeds 0.02 mR/hr. above background, the indoor radon 
aughtcr concentration level equals or exceeds 0.01 WL above backgrouiu 

(IJ) It should be presumed that if the external gamma radiation It 
s less tlmn 0.001 mK/hr. above background, the indoor 2 'adon daughter 
oncentration level is less than 0.01 WL above background and no possil 
ced for remedial action exists. 

(C) If the external gamma radiation level is equal to or greater 
hail O.OOi inR/hr. above background but is less than 0.02 niR/lir. above 
ackground, measurements will be required to ascertain the indoor radoi 
aughtcr concentration level. 

(2) I'or other structures: (i) An external gamma radiation level 
. LS mR/hr. above background averaged on a room-by-rooni basis. 

(ii) No presumptions shall be made on the external gamma radiatioi 
evel/indoor radon daughter concentration level relationship. Dccisioi 
ill be made in individual cases based upon the results of actual measi 


icnts . 


,8 Determination of possible need tor remediai action where 
criteria have not been met 

The possible need for remedial action may be determined where the 
:eria in 712.7 have not been met if various other factors arc i)resent. 

1 factors include, but are not necessarily limited to, sice of t)ie 
?cted area, distribution of radiation levels in the affected area, 
mt of tailings, age of individuals occupying affected area, occupancy 
and use of the affected area. 

,9 Factors to be considered in determination of order or priority 
for remedial action 

fn determining the order or priority for execution of remedial actio 
iideration shall be given, but not necessarily limited to, the followi 
:ors : 

(a) Classification of structure. Dwellings and schools shall be 
► idered first. 

(b) Availability of data. Those structures for which data on indoo 
)n daughter concentration levels and/or external gamma radiation level 
available when the program starts and which meet the criteria in 

7 will be considered first. 

(c) Order of application. Insofar as feasible remedial action will 
aken in tiio order which the application is received. 

(d) Magnitude of radiation level. In general, those structures wit 
highest radiation levels will be given primary consideration. 


(c) Geographical location of structui'cs. A group of structures 
teU iu the same immediate geographical vicinity may be given priority 
idcration particularly where they involve similar remedial efforts. 

(f) Availability of structures. An attempt will he made to scl\edul< 
dial action during those periods when remedial action can be taken 

mi niinuin Intcrf'ercnce. 

[g) Climatic conditions. Climatic conditions or other seasonable 
idcrations may affect tiic scheduling of certain remedial measures. 

10 Selection of appropriate remedial action 
(aj Tailings will he removed from those structures where the ap- 
riately avoraged external gamma radiation level is c({ual to or greater 
O.OS niU/hr. alrovc background in the case of dwellings and schools 
0.1!) mR/hr. above background in the case of other structures. 

(b) Wlrcre the criterion in paragraph (a) of this section is not met, 
r remedial action tecliniqucs, including but not limited to sealants, 
ilalioj\, and shielding may be considered in addition to that of 
Lags removal. iiUDA shall select the remedial action tochniciue or 
inatiou of tcchiuciucs, which it determines to be the most appropriate 


r the circumstances. 


EMVII^ONMENTAL PROTECTION AGENCY 
Title 40-Part 141 

Drinking Water Regulations-Radionucl ides 


Interim Primary Drinking Water Rcguations 


Federal 


Promulgation of Regulations on Radionuclides 
ister, Vol. 41, No. 133, pp. 28402-9 Friday, July 9, 1976 


Part 141.15 Federal Register 
Vol 41, No. 133, p 28404, Friday, July 9, 1976 

2 26 ”^28 

Maximum contaminant Levels for Ra, *' Ra, and gross alpha par 
radioactivity. 

(a) Combined ^^^Ra and - 5 pCi/liter. 
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(b) Gross alpha particle activity (including “ Ra but excludin 
radon and uranium) - 15 pCi/ liter. 


APPHNOIX VI 


r.VAl.UATION OF RADIATION' EXPOSURES 



EVALUATION OF RADIATION EXPOSURES AT TIIL FOR-MER ilORiZONS, INC., 
.METAL HAN'DLiNc; EACILITV. CLEVELAND, OHIO 

The 1). S. Department of Eneri»y has dcterniinecl that tlie former 
Horizons, Inc., Metal Handling Facility in Clcvelaiul, Ohio, is presei 
contaminated with naturally occurring radioactive residues from prevJ 
use.s of tlie property. Under current conditions of use, this contamir 
tion is causing cm|)loyees working at the site to receive radiation 
exposures which arc slightly higlicr than those clue to naturally occui 
environmental radioactivity. However, increased occupancy of a 
building currently used for storage (lUiiLcling B) could lead to radiat 
exposures approaching the guidelines used for limiting exposures to 
individuals. For that reason, the Department of Energy (DOE) will 
conduct further evaluations to identify actions deemed appropriate to 
preclude any future concerns for railLoactivity at this site. 

During the 1940'.s and early H)50's, two buildings at the Horizon 
facility were used for the productjoii of granular tliorium metal undei 
govcniment contract.s with the Manhattan Engineer District (MI'.DJ and t 
Atomic Energy (ioiiuiiisslon (AEC) . Using thorium nitrate tetrahydrate ti 
feed material, ammonium thorium chloride was produced in the wet plan 
(Building C) . In the dry plant (Building B) , tliorium metal was forme 
in a dry electrolytic process; tlie metal was then crushed, washed, 
dried, and packaged for shipment from the plant. Building B is jU’csc 
used for storage of nonradioactive equipment and materials, and Ruil<j 
C is used for receiving and storage of materials used In the present 
operation and for the housing of several offices. 

It appears that miicli of the potentially contaminated material lu 
been removed or covered by substantial construction modifications sii 


tl\ovium operations, fn particular, Building C has been extended on 
soiitii side to take in an old alley; also an area wliicli is known to 
c been contaminated in the past (an outside storage area) has a new 
It up concrete floor. Also, several sections of walls, floors, and 
lings in Building B and C have been repaired or replaced since the 
rium operations. Clecon Metals, Inc., the present occupant, employs 
roximately 60 workers (mostly in Building C) . The site is in aji 
ustrial area which is sparsely populated; however, there arc a few 
ilit\gs on adjacent property. 

Contamination at the former Horizons site is due primarily to 
osits of naturally occurring thorium and its daughters on building 
faces, in Floor drain sediments, and in soil beneath that portion of 
floor of Building C which vifas constructed over contaminated soil, 
s contamination is yielding slightly elevated radiation exposures to 
loyees working at tliis site, primarily from the emission of beta and 
itia radiations. Additional exposures can be attained by inhalation of 
borne radionuclides. Other exposures by ingestion (e.g., eating or 
nking in the .single occupied building) are relatively small as 
[)areil witii direct beta-gamma radiation and inhalation. These exposur 
summarized and compai'ed numerically with guide l.lnc.s and background 
iation in i'ablc Vl-1. 

The jiaturally occurring radionuclides which comprise the contam- 
tion at the Horizons site are present in minute quantities throughout 
environment. Concentrations of these radionuclides in normal soils, 
, water, food, etc., arc referred to as background concentrations. 
Lation exposure.s resulting from this environmental radioactivity are 


referred to as background exposures. These background exijosurcs arc 
caused by any liunian activity and, to a large extent, can be controllc 
only througli man's moving to areas with lower background exposui’es. 
bach and every human receives some background exposure daily. 

The use of radioactive materials for scientific, industrial, or 
medical purposes may cause radiation exposures above the background 
level to be received by workers in the industry and, to a lesser exte 
by members of the general public. Scientifically based guidelines ha 
been developed to place an upper limit on tl\ese additional cx])osures. 
Limits established for exposures to the general {Jublic are mucli lower 
than the limits established for workers in tlie nuclear industry. 

Thoriuin-232 is believed to have been created durijig the forinatio 
of the earth, ‘i'he fact that it is still present in measurable quanti 
is due primarily to its extremely long half-life. The half-life is t 
time required for an ijiitial activity of a radionuclide to decay to o 
half of that activity. In the case of thorium-232, this haif-life is 
approximately 14 billion years. Thus, if you begin with one curie^ o 
thorium-232, one-l\alf curie will remain after a period of 14 billion 
years; in 28 billion years you will have one-quarter of a curie of 
thorium- 232. As thorium-232 decays, it transforms into another subst. 
in this case, radium-228, which is called the "daughter" of thoriuin-2. 
In turn, radium-228 is the "parent" of actinium-228. This successive 
decay from parent to daughter continues lintil stable lead is formed, ; 

‘^The curie is a unit used to measure the amount of radioactivity 
a substance; one curie represents 37 billion radioactive disintegratii 
per second. 


shown in Tabic VI-2. 'I'lie “decay product" listed in Table VI-'2 is the 
radiation rclcriscd during the decay of the parent radionuclide. 

Thorium Contamination of Soils and Surfaces 
lilevatcd concentrations of thor-i-um-232 and radium-228 were found 
surface soils located ;i rninediately east of Building B. This soil cont 
uj) to 54 picocurios^ per gram of thoriuni-232 and 50 picocurics per gi 
(pCi/g) of raclLum-228. Average surface soil contamination for each c 
these two materials is about 6 picocurics per gram when averaged over 
entire site. Auger liolcs drilled through the floor of Building C she 
subsurface contamination extending to seven feet and averaging 220 
picocurics per gram I'or thovium-232 and 173 picocurics per gram for 
radium-22a. Normal soils in the Cleveland area contain a background 
concentration of approximately 0.5 to 1.0 picocurie per gram of thori 
232 V'/ith an approximately equal concentration of radium-228. 

Samples of surface dirt and building materials were taken in Bui 
B and C. Ihese samples w^orc removed from drains, support columns, 
vindows, walls, and floors. The samples from Building B show concent 
tions of thorium-232 which range to 4890 picocurics per gram. This 
/aluc was obtained from a sample taken in a drain which also showed 5 
aicocuries of radiuin-228 per gram of material. 

Direct Beta-Gamma and External Gamma Exposures 
As may be seen in Table VI-2, the thoxium-232 decay chain contai 
several radionuclides which emit beta and gamma radiation. Due to tl 
diort half-lives of these radionuclides with respect to thorium-232, 
:)ieir concentrations will quickly approach the concentration of initi 

^A picocurie is one million-millionth of a curie, previously 
lofincd. 


in)n-232. As u resuJt, surfaces contaminatcil with pure thor.iuiii- 
y five years ago can now produce botli Iicta and ganiiiia radiation 
. This exposure appears to be significant in Building B. 
ear Regulatory Commission (NUC) requi rements ajiplicablc to its 
state tlial (he comlilncd dose rate from weakly penetrating heta 
and from gamma-rays, measurecl at a distance u I' one centimeter 

r* 

faces sliould not exceed 0.2 inillira<.r' per hour when averaged 
rea of one square meter. 'I'he coniljined dose rate sJiould not 
0 millirad per hour in small areas of 100 cur. In room B-1 of 
B, beta-gamma readings were found wl\ich exceed tliose guidelines, 
viduaJ measurements ranging U)i to 6.8 millirad per hour on 
d 1.3 millirad per hour on the ceiling sui'faces. l*or comparison, 
dose which would be cxjicctccl from a normal year's watching of 
ovision by an adult is J.G millirads; for a child less tlian IS 
ago, t))c compai'a))ic dose is 3.6 millirad [)er year (according to 
d Nations Scientific Committee on the liffccts of Atomic Radiation), 
adult resting on tlie most contaminated portion of the floor of 
B would receive tlic sajiic skin dose in alKnit fifteen minutes as 
expected from watching color television for a year, 
primary concern of the NUC guideline for beta-gamma radiation 
posure to skin surfaces. The thickness of ordinary shoe soles 
lent to protect the skin of the feet from beta radiation, 
as of body skin are adequately protected from these exposures 
emain away from these surfaces. In most cases, radiation 
from contamination on a surface is negligible at a distance of 
away from the surface. Although potential exists for exposures 


millirad is a unit for measuring the amount of radiation energy 


ar in excess of t!ie guidelines, beta and ganinia surface exposures ai'c 
elieved to be inconsequential to employees at this site clue prineijm 
o a low Frequency of occupancy (about 8 man-hours per month in 
uilcliiig B) . 

As may be seen in 'Fable 2, several of the daughters of thorium-2: 
niit gamma radiation (gaimiia- rays are penetrating radiation like X-ray: 
ence, contaminated areas of soil on this site are sources of externa 
amiiia radiation, i.xternal gamma exposure rates nieasured at one meter 
hove tile ground averaged 13 microlloontgens*^ per hour over the site. 
xpQsures ranged from 5 to llO microRoentgens per hour in Building B. 
ackground levels in the Cleveland area avei'age apjiroximatoly 10 micr< 
oentgens per fiour. A single typical chest X-ray (according to Oepar 
f Health, liducation, and Welfare data) might yield an exposure of abi 
7,000 mi croRoentgens, whicli is equivalent to 2700 hours of exposure 
he average background level in Cleveland. 

The National Council on Radiation Protection and Mcasui'enients 
NCRP) has recommended a maximum annual whole-body exposure of 500, OOi 
icroRoentgens per year to an individual continually exposed in the 
eneral public, riiis value corresponds to 250 m i croRoentgens per hou, 
or 2000 exposure hours (40 hours per vveek and 50 weeks per year) . 'll 
11 external gamma radiation exposures to employees on this site appe. 
3 be less than the recommended guideline value. 

Lixposure from Inhalation of Radionuclides in Air 

As may be seen in Table Vl-2, radon-220 is the daughter of radiui 
idon-220 is an inert gas which can seep from contaminated areas and 

‘■^The Roentgen is a unit ivhich was defined for radiation protect h 
arposes for people exposed to penetrating gamma radiation. A micro- 
3entgen is one-milliontii of a Roentgen, 


surfaces and move freely in the air inside buildings, hithin a fev/ 
minutes after entering the )}iiilJing aJr, ratlOii-i20 decays to poloni: 
216 whicli decays quickly into lead-212. Hlevatcd levels of lcad-21 
to U.5 picocuric per liter) were found in the air of Building h. i" 
levels approach tite concentration recommended as an upper limit for 
continuous exposure to members of the general public (.0.6 picocuric 
liter), i’iie noriiiaJ occupancy of lluildiiig 0 is approximately 100 lid 
per year by one or two employees. Consequently, cx;)Osurc to eiu|)loy 
to airborne lcad-212 is limited by the infrcipient occupancy ol‘ liuLli 
II. Increased occupancy of Building U would lead to increased emplo; 
exposure . 

Tlie primary source of this airborne contamination in Building i 
l)igh levels of I'adioactive residue in drains from which radon-220 oi 
Cleaning and scaling these drains would greatly reduce actual and 
])otcntlal exposures to lead-212. 

Otlier Considerations of fxjjosurc 

If the contaminated soil on the site were used for growing crop 
some minor human exposures could result From the consumption of food 
contaminated witli thorium-252 and its daughters. In addition, actio 
which involve considerable abrasion of cl7'y contaminated surfaces in i 
buildings should be avoided because airborne radioactive dust could 
created and produce human exposures through inhalation of the airbori 
material . 

If future uses of this site were to involve demolition of the S( 
addition of Building C, care should be taken to avoid problems which 
might be associated with the contamination beneath the concrete floo: 


Risk and Radiation L;x[>osures 

Risks resulting from radiation exposures should be considered 
within tlie context of otlicr risks incurred in normal living. for 
simplicity, risks to health may be classified in four categories: 

1. IJnacccptaL'ic — problems with risk so liigli as to reciuirc 
immediate action, such as severe diseases wlicre medical tr 
is required to save a life, 

2. Concerned — problems where people arc willing to s[)ond Liiii 
and mono)' to rcilucc potential hazards, examples of tliis i 
tlie maintenance of public highways and signs, signals, fir 
departments, and rescue squads. 

3. Recognized — problems \vherc people may acccqu some inconvc 
to avoid certain activities such as flying in airplanes, 
swimming alone, etc. 

4. No great concern — problems with a low frequency of occurr' 
I'hei-c Is an awareness of potential liazard, Init an accompan 
feeling that these problems occur only to other people. 

An individual may be exposed to risks over which he can cxercis 
some control (voluntary), and risks over vWiich he feels he has no pe 
control or choice (involuntary). 

Daily, an individual is confronted with decisions about risk wli 
have an associted benefit — Cor example, driving a car. This can se 
as an illustration that a voluntary, concerned risk may be deemed 
appropriate due to the desirable perceived benefit. As anotlier exam 
an individual wlio smokos cigarettes has subjected himself to a risk ■ 
lung cancer which is about ten times higher than that for a nonsmoke 


Ror purposes of radiation protection, all radiation exposures are 
ed to be capable of increasing an individual's risk of contracting 
r. A precise numerical value cannot be assigned with any certainty 
given individual's increase in risk attributable to radiation 
are. The reasons for this are numerous; they include the individual' 
t onset of exposure, variability in latency period (time between 
jre and physical evidence of disease), the individual's personal 
3 and state of health, previous or concurrent exposure to other 
:-causing agents, and the individual's family medical history. 

;e of these variables, large uncertainties would exist in any 
ites of the number of increased cancers in the relatively small 
ig population at the former Horizons site. 

'he annual death rate^ from all types of cancer among all population 
i in Cuyahoga County (as of 1970) was 178 deaths per 100,000 
ition. At the same time, the death rate from all types of cancer 
1 population groups in the United States and in the state of 
ere 151 and 157 per 100,000 population, respectively. A onc-year 
re to penetrating gamma radiation of 500,000 microRoentgens might 
se the risk of death due to all types of cancer by about one-tenth 
ercent. Furthermore, a one-year exposure to the guideline value 
rborne iead-212 (0.6 picocurie per liter) might be expected to 
se the risk of death due to all types of cancer by about an 
onal one-tenth of a percent. Exposures in excess of guideline 
mentioned in this evaluation would be expected to result in 
tionately higher increases in risk. Consequently, any action 

43rt*lity statistics were obtained from data in U.S. Cancer 
Cty by County: 2950-1969, prepared by the National Cancer 
ute, 1973, available from tlie U.S. Government Printing Office. 


taken to reduce either the rate or the duration of radiation expo 
would also reduce the risk attendant to that exposure. 

There are no data at present which give evidence of a rolati 
between low-level exposure of the skin and the development of ski 
This (loos not mean that skin cancer can not be produced by low-lc 
exposures. This does mean that the risk associated with guidelin 
exposures of the skin is so small that it can not be quantified. 

Remedial Measures 

fiinployces working in Building B are currently receiving sinal 
radiation exposures to the skin, ganuna exposures to the total bod 
internal exposure resulting from inhalation of airborne lcad-212. 
risk associated witli these present exposures is small. However, 
and risks would be increased by increased occupancy of Building B 
rurtheruiore , the potential exists for more serious exposures by i 
of radioactive dusts should the contamination become airborne. E 
to employees at this site are unrelated to their normal jobs; no 
able benefits can be attributed to these exposures. Removal of t 
thoriiiin-232 residues on building surfaces and from drains would r 
the actual and potential exposures. Small areas of soil surround 
Building B contain relatively high levels of thorium“2s32 and daug 
and act as a potential source of exposure should the soil be used 
grow crops. Removal of the contaminated soil, along with proper 
would afford maximum protection both to present employees and fut 
occupants of the site. The DOIi is now actively evaluating altern 
under a priority program designed to assure adequate protection a 
current and potential exposure. 


SUMW/\RY 


riic former llorizoiis site is contaminatccl witli residues containing 
ally occurring thorium and its daughters. Current radiation 
arcs to employees working at this site are slightly greater than 
round exposures. [lowe\/er, contamination inside both buildings lias 
otential for producing a])preciable human exposures should it become 
Jged from the building surfaces. In addition, increased occupancy 
tiding B could lead to significant exposures to airborne lcad--212. 
ijucntly, remedial measures are in order. 'I'he DOli has developed a 
Lnated plan which addresses the specific problems at the Horizons 
Currently, work is underway to implement the elements of this 



T/\BLC VI -1 


SUWARY OF EXPOSURE DATA AT FORMER 110 
CLEVELAND, OHIO 


Exposure Source 

Background 

Levels 

Guideline V^aiue 
for General Public 

Guideline 

Hadiatio 

Thoron daughters 

Less chan 0.1 

0.6 picocuric per 

20 picocu 

(lcad-2i2J in 
air 

picocurie^ 
per liter 
of air 

liter of air 

liter of 

Gamma radiation 

10 micro-. 

250 microRoentgens 

2500 micr 

from daughters 

Roentgens^ 

per hour above 

hour for 

of thorium 

per hour in 

natural background 

week and 

contamination 

the Cleveland 

area 

for 40 hours per 
week and 50 weeks 
per year for an 
individual in the 
general public. 

This is equivalent 
to 0.5 Roentgen per 
year 

year. Th 
lent to 5 
per year 


The picocurie is a unit used to measure the amount of radioact 

^The Roentgen is a unit which was defined for radiation protect 
penetrating gamma radiation. A microRoentgen is one-millionth of a 




TABLE VI -2 


THORIUM DECAY SERIES 


PAREN'r 

HALF-LIEE 

DECAY PRODUCTS 

DAUGHTE 

oriuiii-232 

14 billion years 

alpha 

radiuni-22 

dium-228 

7 years 

beta 

actinium- 

tirjium-228 

6 hours 

beta, gamma 

thoriuni-2. 

oriujii-228 

2 years 

alpha 

radiuin-22‘ 

don-220 

55 seconds 

alpha 

polonium-] 

loniuni-216 

0.15 second 

alpha 

lead-212 

ad-212 

10.6 hours 

beta, gamma 

bismuth-2] 

sntuth-212 

1 hour 

beta, gamma 

polonium-2 



alpha 

thallium-2 

Lonium-212 

10,000,000 

alpha 

lead-208 

il lium-208 

3 minutes 

beta, gamma 

lead-208 

id-208 

stable 

none 

none 


